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YCIHHEXMN PUZNYECKHNX HAVYK

KOH®EPEHIIMU 1 CUMITO311YMbI

Hayunas ceccusi Otaesienns pu3mueckux HAYK
Poccuiickoil aka/ieMiH HayK, NOCBALLICHHAS NAMATH aKaJeMHKA
Baagnvupa Asekcanaposuyua KorebHnkosa

(22 despans 2006 r.)

22 ¢espadis 2006 r. B koHpepeH-3a1e PU3nIecKoro NHCTH-
tyta um. [1.H. JlebeneBa PAH cocrosinace Hayunas ceccust
Ornenenust pusznyeckux Hayk Poccuiickoil akajeMun Hayk,
TIOCBSIIIEHHAS TAMSITH aKaJleMuka Birannmupa Anekcanapo-
Buda KotenpHukoBa. Ha ceccuu 6p11n 3aciylansl JOKIagbl:

1. T'yasies F0.B. (MHCTUTYT pagiOTEXHUKU U 3JIEKTPO-
nuku PAH). O Baadumupe Aanexcanoposuue KomeavHukoge
(BCTYNUTEJILHOE CJIOBO).

2. KoreabnnkoBa H.B. Buadumup Aaexcanoposuu Ko-
MeAbHUK08: 00p02d YUeHO20.

3. Apmang H.A. (HCTUTYT paiMOTEXHUKH U 3JIEKTPO-
auka PAH). Poabs B.A. Komeavhurosa 6 cmanos.aenuu paouo-
PU3UKU U PAOUOMEXHUKU.

4. CauxoB B.H. (Axagemus xpuntorpaduu Poccuiickoit
Oenepanun). B.A. KomeabHukos u omeuecmeeHHas wughpo-
8AHHAA C8A3b.

5. MonotkoB C.H. (UucTuTyT QM3HMKH TBEpIOro Tela,
r. UepHoroioska, MockoBckas 00.1., AKageMHust KpUITorpa-
¢un Poccuiickoit Penepanuu, MOCKOBCKHII TOCYIapCTBEH-
HbI yHEBepcuTeT M. M.B. JlIoMoHOCOBa, (paKyJIbTET BbIYM-
CIMTENLHOW MaTeMaTUKu u KubepHeTuku). Keanmosas
kpunmoepagus u meopemvl B.A. Komeavnukosa 06 00HO-
DPA308bIX KAOUAX U 00 0MCUemax.

6. Ueprok B.E. (Poccuiickast xocMuueckasi KOproparms
"Sueprus"). B.A. Komeavnuxos u e2o poivb 6 pazeumuu
0MeuecmMeeHtoll KOCMUUECKOT PAOUOI ACKIMPOHUKU.

7. IlodenonocueB K.A. (Ocoboe KOHCTPYKTOPCKOE OrOpo
MOCKOBCKOTO 3HEpreTU4eCKOTO MHCTUTYTA). B.A. Komeab-
HUKOB8 KAK GbIOAIOWUTICA UHIICEHED U €20 POAb 8 CIMAHO8ACHUU
0c06020 KOHCMPYKMOPCK020 010po Mockosckoeo snepeemu-
YecK020 uHCmumyma.

Kpatkoe coaepkaHue nepBbIX LIECTH TOKJIALOB MyOJIH-
KyeTCsl HUXKe.

Bragumup Anexcanaposnd KoTtensHIKOB
(06.09.1908—11.02.2005)

PACS numbers: 01.60. +q

O Baagumupe AJiekcanapoBuye
KoTeabHHKOBE (BCTYyNHTENBHOE CJIOBO)

1O.B. I'ynses

BoT yxe rox, kak yuesa U3 >KU3HM KPYNHEHIINNA yueHbId B
00J1aCT! PAAUOTEXHUKH, paauo(pu3uKu U HHOOPMATUKH —
akagemuk Bragumup Anexcangposuu Kotenbnukon. C
nmeHeM KotenbHHKOBa CBs3aHA Iejas 310Xa Pa3BUTUS
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9THUX BaXKHEHIMX oOJlacTeld HAYKM U TEXHHKH HauyuHas OT
CHUCTEM CBSI3U W IH(PPOBBIX BBIYUCIHUTEILHBIX MAIIUH U
KOHYas IMIPOKOMACIITAOHBIMI HCCIIETOBAHUSIMH KOCMUYE-
ckoro mpoctpancTBa. Teopema Korenbhukosa "Borwia B
a30yky" o6pa3oBaHus JH0O0r0 UHXKEHEPA B 00JACTH CUCTEM
CBSI3M M MH()OPMATHKH, TEOpUsl MOTEHLUUAJIBHON MOMEXO-
ycTolunBocTH, co3ganHass KoTeJabHUKOBBIM, COCTABJISIET
(dbyHIAMEHT BCEX COBPEMEHHBIX CHUCTEM CBSI3U, PAOHOJIOKA-
[IUH, PAJTUOHABUTAINN W TejieymnpaiieHus. Ero paboTel B
00J1acTH paInoJIOKAIIMOHHON ACTPOHOMUH TIO TIPABY BOIILIIN
B 30JI0TO# (hOHT MUPOBOI HAYKU U TEXHUKH.

MHe BbIIaio cyacTbe paboraTth ¢ Biagumupom Arek-
cangpoBuueM OoJiee 45 net. [103BOJIbTE KPATKO HAIOMHUTH
OCHOBHBIE BEXH XH3HEHHOTO IyTH ITOTO 3aMedYaTeIbHOTO
4eJI0BeKa.

Bouigarommiicss yueHwli B.A. KoOTeIbHUKOB OKOHYHII
MockoBckuii 3Heprerudeckuii uHcTutyT (MOU) B 1930 1.,
MOJIYYUB CIENUATBHOCTh HHKEHEPA-dJIEKTPUKA MO PAao, U
HavaJl paboTaTh uHxeHepom B Muctutyte cBsizu KpacHoit
Apmun, 3aTeM TOCTYIIII B acnupantypy MOU (1931 1.) n
nocyie ee okonuanus (1933 r.) cran paborars B HayuHo-
HCCIIEI0OBATEILCKOM HMHCTUTYTE HapkoMaTa cBsi3u. B To
BpeMsl CpeAcTBa mepenaud uHGopManuum OBUIM BeCcbMa
HECOBEpIIIEHHBIMH, U TpoOsieMa OOpbOBI ¢ TIOMEXaMH B
MPOBOJHBIX CHCTEMax CBs3M TpeboBalla KapAMHAJIBHO
opIcTporo pemeHus. Ha HavabHOM cTaguy cBOel HayYHOU
nesiteibHOCTH B.A. KOTeIbHUKOB HCKAJl MYTH YBEJIMYCHUS
a¢pexTuBHOCTH cUCTeM CBsi3u. B 1933 r. um HamucaHa u
ony6iMKoBaHa QpyHIaMeHTanbHas padora "O npomyckHou
cnocobnoctr "3¢upa" u MpoBOIOKHM B 3iIEKTpocBs3u", B
KOTOpPO#i BIepBble cHOpMyJIMPOBaHA TeopeMa (M3BeCTHAs B
pamuoTexHuke Kak TeopeMa KoOTelIbHHKOBA) O TOYHOM
MpeCTaBICHUN (HYHKIIMH C OTPAHNYCHHBIM CIIEKTPOM COBO-
KYIIHOCTBIO €€ OTCYETOB, MPOU3BEICHHBIX B OTAEJIBHO B3S-
TBIX TOYKaX. Ba)kHO OTMETUTDb, YTO MO3THEE 3Ta TeopeMa
JIeTJia B OCHOBY IIH(POBOIT 00paOOTKH U Mepeavud CHTHATIOB
7 co37aHus MU(PPOBBIX BBIYMCIUTEILHBIX MAIIUH, UCHOJIb-
3yeTCsl TIPU U3YYCHUU Psla 3aKOHOMEPHOCTEH B panuodu-
3uke ¥ ontuke. B.A. KoTebHUKOB EPBBIM CyMeEN OCO3HATH
BCIO TJIyOMHY TEXHUYECKUX BBIBOJIOB, BHITEKAIOIINX U3 HEe, U
(baKTUYECKU PUIAIT id TITyOOKHit (PU3NUECKUA CMBICIT.

B rogwr Benmkoit OtevectBenHoi BoitHbl B.A. Kortens-
HUKOB 3aHUMAJICSI CO3JIaHMEM AalMapaTypbl CHEeNHaIbHON
CBSI3H, 3a 3TU pa3paboTKu ObLIT ABaXIbI yaocToeH ["ocyaap-
crBeHHOM npemun (1943 1 1946 rr.). B 1947 r. on 3amuiiaer
JIOKTOPCKYIO TUCCEPTAINNIO, B KOTOPOW H3JIOXKEHA TEOpHSs
MMOTEHIUATILHON TTOMEX0yCTOMYMBOCTH, T/I€ BIIEPBBIE yCTa-
HOBJICHBI TpEJeNIbHbIE OTPAHUYCHUS YyBCTBHTEIHLHOCTH
paIUONPUEMHBIX YCTPOUCTB, OOYCIOBJICHHBIE IMyMaMHU, U
CO3JaHBbl TEOPETUYECKHE OCHOBBI BBIJCJICHUS CUTHAJIOB W3
nomex. MoHorpadus Teopus nomenyuaabHoti nomMexoycmoti-
yugoCcMU TIOTYIWIIA IUPOKYIO U3BECTHOCTD U ObLIIA M3J1aHA B
Hamed crpaHe W 3a pybOexxoM. BmioTe g0 Hacrosimero
BpEMEHHM TEOPHUsT MOMEXOYCTOWYMBOCTH SIBJISIETCSI B MUPE
OJIHON W3 OCHOBHBIX, HCIOJb3YEMbBIX MpH pPa3paboTke
CHCTEM CBSI3M, PAJMOJIOKAIINHU, TEJEYNpaBICHUS U APYTUX
PaIMOTEXHUYECKHX CHCTEM. Bce 3TO BMecTe B3ATOE MpH-
Hecsio B.A. KoTelbHIKOBY MUPOBOE IPHU3HAHNE.

Hosbrlit mepuo HayuHoii nesitennbHocTH B.A. KotenbHu-
KOBa HAYMHAETCSI ¢ MOMEHTA €ro M30paHus JCUCTBUTEIb-
HbIM wieHoM Akagemuu Hayk CCCP u HazHaueHUs Aupek-
TopoM MHCTUTYyTA paguoTeXHUKH M 3jekTpoHuku (MPD)
AH CCCP, xoraa HOJIHOCTbEO PAaCKpPBIBACTCS €r0 TaJaHT
KpYIHEWIero YYeHOro, OPraHu3aTopa € PYKOBOIHUTEIS

0OJIBIIIOTO KOJUICKTUBA. BCIO CBOKO SHEPIHIO W TajJaHT OH
HAMpaBJIsSET HA TMOMCK MHTEPECHBIX U MHOT0O0OEIIAFOIINX
MyTel peleHusl pa3JIMYHbIX HAYYHBIX MPOOJieM, Ha CTaHO-
BJICHHE WM pa3BUTHEC (PYHIAMEHTAJIbHBIX HCCICIOBAHUI: B
00J1acT! TaJIBHETO TPOMOC(HEPHOTO PACIPOCTPAHEHHUS YIIbT-
PaKOPOTKUX PAJMOBOJIH, BOJIHOBOJHBIX CHCTEM CBSI3H,
BBIJICJICHUsI CJIa0BbIX CHUTHAJIOB W3 IIYMOB, 00pabOTKH U
nepegav MHPOPMAIUU, a4 Takke B OOJIACTH TeHepaluu,
YCUJICHUSI M TIPUEMA CUTHAJIOB HA CAHTHUMETPOBBIX U JICIH-
MeTPOBBIX BoJIHAX. OH MPOBOAMII OOJIBIIYIO OPTaHU3ATOP-
CKyl0 paboTy MO MPHUBJICYEHHIO B WMHCTUTYT HamboJiee
KPYIHBIX W TAJIAHTJIMBBIX (PU3UKOB C HMX CIIOKHUBIIMMUCS
KOJUIEKTHBAMH.

CeromHsi MOXHO TOJIBKO YAUBJISATHCS MPO30PJIUBOCTH U
uatyurmun B.A. KoTelnbHMKOBA, MPOSBJICHHBIX UM TpU
MOCTAHOBKE psifa HOBBIX (PYHAAMEHTAJIBHBIX MPOOJIEM
COBPEMEHHOW PaJMO3JIEKTPOHUKU. Tak, MO ero pyKoBOJ-
CTBOM W TIPU HEMOCPEJACTBCHHOM YYACTHUU TOJIYYUJIU CBOE
pa3BuTHe TpoOJieMa OCBOCHHSI HOBBIX JIMANA30HOB PagHO-
BOJIH — MHJUIUMETPOBOTO, CyOMUIIITMMETPOBOTO, OTITHYEC-
KOTO M CBEPXHHU3KOYACTOTHOTO, CTATUCTUYECKAS PaguO(H-
3MKa, JUCTAHIIMOHHOE 30HAUPOBAHUE aTMOCHEPBI, TOBEPX-
HOCTM 3eMJIM W IUIAHET, ObLIM CO3/IaHbI HOBBbIC HAYYHBIC
HAIpAaBJICHUS — IUIAHETHAS PAAMOJIOKAIUS M PaJInOJIOKa-
IIMOHHOE M3YYCHHUE TIJIAHET C TOMOIIBI0 KOCMHUYECKHX allIa-
paToB; HavaThl PabOTHI IO BOJIHOBOIHBIM U CTEKJIOBOJO-
KOHHBIM IITUPOKOIOJIOCHBIM crucTeMam cBsi3u. (IlompoOnee
pe3yJIbTaThl 3TUX HCCICAOBAHWIA U3JIOKEHBI B padoTte
B.A. Korenbaukoa u K.W. IManarosa "WccnenoBanus B
00J1aCTH pPAJIMOTEXHUKH M 3JIEKTPOHUKHU, MPOBEJACHHBIC B
HUPD AH CCCP B 1953-1978 rr.", B ¢0. IIpobaembi cogpe-
mennoti paduomexuxu u daekmponuxu (Ilomx. pen. B.A. Ko-
tenbHUKOBa) (1980).) B.A. KoTenbHUKOB aKTUBHO MOJJIEP-
KHUBaJI pabOThI B 00JACTU TEOPETUYECKUX OCHOB MHKPO-

9JIEKTPOHUKH, ONTOITIEKTPOHUKH, CBEPXIPOBOJIHUKOBOMN
9JIEKTPOHUKH, TOJIyIPOBOIHUKOBOM JJIEKTPOHHUKH, aKYCTO-
9JIEKTPOHUKH, MATHUTOAIEKTPOHUKH, KPUCTATUIODU3HKH,

ABTOMATU3AIUU HAYYHBIX WCCJIEJOBAHUN W YACNSUI 3THM
paboram ocoboe BHUMaHKE. Bkiia B pa3BUTHE KaXI0TO U3
9TUX HANPABJICHUH HE OTPAHMYMBAJICS TOJBKO €r0 Hay4yHO-
OPraHU3aIMOHHON NeSATeIbHOCTBIO, OH BCeraa MPUHUMAT
caMoe aKTHBHOE y4acTHe B pa3paboTke HamboJiee TPYIHBIX
HAyYHBIX MPoOJsIeM. Byayun ninuTesbHOE BpeMs IpejiceiaTe-
neM Coera HHTepkocMoca, OH SBJISICS OECCMEHHBIM
HAYYHBIM PYKOBOAMTEJIEM MHOTHX HAayYHO-HUCCIIEAOBATEIIb-
CKHX paboT MO DPAAMOJIOKAIMOHHOMY H3YUYECHHIO ILJIAHET
CoJIHEYHOU CUCTEMBbI B KOCMHYECKOTO MTPOCTPAHCTBA. MHO-
Tue pe3ysIbTaThl HAYYHBIX MCCIIETOBAHUNA TOCITYKUIN OCHO-
BOM 17151 pa3pabOTKU PA3JINYHBIX PAJHOYCTPOMCTB U CUCTEM
Ha TPEINPHUSATUSX OBIBIINX MUHHCTEPCTB PaIUOIPOMBIIII-
JICHHOCTH, JIEKTPOHHON IPOMBIIIIEHHOCTH, 3JIEKTPOTEXHU-
YeCKON MPOMBIIIEHHOCTH, 0OOPOHHOM MPOMBIIIJICHHOCTH,
MPOMBILIJIEHHOCTH CPEJICTB CBSI3H, & TaKXXe HA MPEANpHUs-
THSIX MAHECTEPCTBA CBSI3U U IPYTUX BEOMCTB.

Brmaromaps Tpynam B.A. KotenbHUKOBA, €70 YICHUKOB 1
KOJIJIET OTHOCHUTEJIbHASI TOYHOCTh U3MEPEHUS PACCTOSHUM B
PaaMoJIOKAIMOHHO acTpOHOMHUY 6b1Ta foBeaeHa 1o 1078 ot
U3MEPSAEMON BEJIMYUHBI. DTO MO3BOJIMIIO yTOYHUTH pa3Mepbl
CoyiHeYHO! cucTeMbl M TJIy0Xe MOHSTh 3aKOHOMEPHOCTHU
nBwkeHusi manet. [lo wmaunmatuBe B.A. KortenbHukosa
MPHU PAAMOJIOKAIMY TTAHET OBLIM UCTIOJIb30BAHBI AHTCHHA U
nepegatuuk lleHTpa nanbHE KOCMHYECKOW CBSI3M, YTO
MO3BOJIIIIO MPUHUMATE CJ1aOble OTpaXeHHbIE CUTHAJBI OT
Benepsl, Mepkypust, Mapca u FOnurepa, a Takxe oTpaxxeH-
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HbIEe CUTHAJIBI OT KOMETHI ["assies u psiaa KpyHHbBIX acTepOH-
JIOB.

B.A. KoTeIbHUKOB aKTUBHO TMOJJICPKHUBAJI OpTraHU3a-
U0 TIOJIETOB MEXIUTAHETHBIX KOCMUYECKHX Kopaoueit. m
BMECTE C KOJUIETaMH BIEPBbIC YyTOYHEHA aCTPOHOMUYECKAS
MOCTOSIHHAS, YTO IO3BOJIMJIO OOECHEYUTH HEOOXOIUMYIO
TOYHOCTH YIPAaBJICHUS] KOCMUYECKMMH ammnapatamu. ITocie
psna pyHaameHTa bHBIX wuccienoBanuid (1984—1992 rr.)
BIIEPBBIE B MUpPE OBLIO OCYIIECTBIIEHO KapTorpadupoBaHme
ceBepHOU yacTH m1aneTsl Benepa Baiiie 30° ¢.111. Ha TUIOIA, U
okoJio 115 mMiH kM ¢ paspenieHneM 1—2 KM ¢ TOMOIIBIO
aBTOMATHYECKUX MEXILIAHETHBIX cTaHimil "Bewepa-15" u
"Benepa-16", a Taxxe usyueHol arMocdepa U moHOchepa
9TON miaHeThl B pamkax mpoekta "Bera". TIposemenbt
WCCIICIOBAHUSI TOYHOCTU PEJISTHBHCTCKOW TEOPUM JBIIKE-
HUS IJIAHET, HAYaTO U3yUCHUE COJTHEUHOTO BETPpa, OJIMKHETO
KOCMOCA U 36MHOU MOBEPXHOCTH C IIOMOLIbIO KOCMHYECKUX
anmnapaToB M UCKYCCTBEHHBIX CITYTHUKOB 3eMUIIH.

CBHIETENBCTBOM MEXAYHAPOTHOTO TMPHU3HAHMUS Hayd-
HbIX 3aciyr B.A. KortenpHHKOBa siBisieTcss ero u30OpaHue
ITovyeTHBIM YIeHOM MEXyHAPOIHOTO UHCTUTYTA WHKEHE-
poB 1o asekTponuke u paauodsiekrponuke (IEEE), unenom
MexIyHapogHOTO HAYyYHOTO PaaMocoro3a, ujeHoM IloJib-
ckoit, UexocmoBarnkoit, Monronasckoi, bonrapckoit u I'ep-
MaHckoi (ObiBiast I'JIP) akagemuii Hayk.

3a BbIJAIOIIUECS 3aCIyTH B Pa3BUTUH OTEYECTBEHHOM
HAyKH B OOJIACTH DPaJMOTEXHHUKW, JICKTPOHUKU U PaJIUO-
ACTPOHOMMH, a TaKXKe 3a YCIeXU B MOATOTOBKE HAyYHBIX
KaJpoB U JIMYHbIe Hay4Hble JocTxkeHns B.A. KoTenbHukoB
OBLT IBaXXIBI yAocToeH 3Banus [ epost ConnaancTuIecKoro
Tpyna, narpaxaed opaenamu CCCP "3naxk ITovera", asyms
opaenamu TpynoBoro KpacHoro 3HameHH, IIECTBIO Opje-
Hamu JlennHa, opaeHoM OKTSIOpbCKOW PEBOJIFOIUH, OpJe-
nom Ilovera, opmerom "3a 3aciyru nepen OtedecTtBom"
II crenenn u mHorumu mepansamu. K 95-neturo co gus
pOXJIeHHs OH ObLT HarpaxaeH opneHoM Poccuiickoit dene-
panuu "3a 3aciyru nepen Orevectsom" I crenenu.

BMecTe ¢ KOJUIEKTUBOM COTPYAHUKOB OH OBLI TAKXKE YI0-
cToeH ABYX ['ocyiapcTBEHHBIX M 0iHOU JIEHMHCKOU TpeMuid.

Mexnynaponusiii uHctutyT IEEE 3a Bblmarommiics
BKJIAJl B PA3BUTHE TEOPHUU M MPAKTUKU PAIAOCBSI3U, OCHOBO-
MOJIATArONINe WCCIIEOBAHNAS U PYKOBOJCTBO paboTaMu B
00J1acT paanoJIOKAIIMOHHON aCTPOHOMHHU Harpajmi Bia-
numupa Asekcanaposua B 1993 r. menasbro uM. XepHaHaa
n Coseneca benoB, a B 2000 r. — 30JI0TOH Menajbio
uM. Anekcanapa Bemra. MexayHapoaHbli HAyuHbIA (OHT
Onyapna Peiina (I'epmanus) B 1999 1. marpagun B.A. Ko-
TEIILHUKOBA TpeMHeil 3a BIepBble CHOPMYIUPOBAHHYIO
TeopeMy O BbIOOpKax. OTpOMHBIA TBOPYECKHMIA BKJIAJ
B.A. KoTenpHuKkoBa B pyHAaMEHTaIbHbIC UCCIICIOBAHUS TIO
TEOPUU CBS3H U PAOMOJOKAIMOHHBIE UCCIIEIOBAHUS TJIAHET
ot™MeueH B 1974 r. 3omoToit megaisio uM. A.C. ITomosa.

IIpesumuym Axanemun Hayk Harpamui B.A. KorenbHu-
KOBa BBICIIICH Harpajgoi AxajgemMuu — BoJbInoi 30710TOM
menanpo uM. M.B. JlomonocoBa u 30J10TOH Menalibro
um. M.B. Kengpmma.

B xu3uu Bragumup AnekcaHIpoBuY ObLIT ypaBHOBEIIICH-
HbIM Y€JIOBEKOM, OJMHAKOBO IOOPOXEIATEIILHO OTHOCHB-
IIUMCST KO BCEM, HAUMHASI OT paboyero W KOHYAsl aKaJIeMHu-
KOM, TeHepajioM WJIM YJICHOM MpaBUTEIbCTBA. BhI3bIBAIN
yBakKEHHE €ro OrPOMHAsl 3pynuIusi, 00s3aTeIbHOCTh U
CTpeMJICHUE TIyOOKO BHUKHYTh B KaXKIbli BONIPOC — OYIb
9TO HayyHas OpoOjeMa, MHCTUTYTCKHE Aefla WM JAefa
IMpesumuyma AkamgeMuu HayK WM, HAKOHEI|, XKM3HEHHBIE
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MEPUINIETUN KOHKPETHOTO coTpyanuka. Ilpu arom Biaau-
MHUpa AJleKCAaHAPOBMYA OTJIMYATIM BHHUMATEJIBHOCTH K
JIFO/ISIM 1 JKeJIaHUWE TIOMOYb B PEIIEHUH BOIPOCA BCEMH €MY
JIOCTYIHBIMU criocobamu. OH co31a cnenudrnieckuii, oOueHb
nobpoxenateapHblil kauMatr B UPD. V Hac mpaktuueckn
HUKOT /12 He ObLIIO HUKAKHUX CKJIOK.

Mpr1, corpyanuku PO PAH, ouenb yBaxaiu u JIOOWIN
Bnagumupa AnekcaHapOoBUYA M CYMTAEM CBOUM IEPBEHIIIAM
JIOJITOM TMOAEPKUBATH CO3JAaHHYIO M B HHCTUTYTE TBOpYe-
CKyI0 aTMOc(epy 1 CTapaThCs B CBOMX JIeJIaX CJIEIOBATE €r0O
MPUHIAIIAM.

PACS numbers: 01.60.+q, 01.65.+¢g
Baaguvimp Anexcanaposny Kote/ibHUKOB:

JI0pPOra y4eHoro

H.B. KoteabHukoBa

B aToM [oKIaje MPHUBOISATCS HAMMEHEEe M3BECTHBIE CTpa-
Hu1bel Ouorpadun B.A. KoTe1bHIKOBA, OXBATHIBAIOIIINE €TO
" noakanemuyueckuit" nepuon xuzHu. ONUCaHbI ET0 IETCTBO,
MyTh B HAYKy W PACCKa3aHO OO0 OCHOBHBIX JTAMax ero
TBOPYECKOrO MyTH B achekte "kak 3To 6bw10". B ocHOBY

JICTJIM BOCIIOMUHAHUS BJ'Ia]:[I/IMI/Ipa AJ'ICKCE],HI[pOBI/I‘{a, 3anu-

Anexcannp Ilerposnu KotenpHukoB c ceiHOoM Bonopeir (cieBa) u
nouepblo TaThsiHOM Ha pmave B mocesike ApakunmHo noj Kasanbio
(1909 r.).

© H.B. Kortenpauxosa 2006
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CaHHBIC C €ro CJIOB, MaTepuajbl U3 CEMEHHOIO0 apXuBa U
HEKOTOPBIX YO IUKALIU.

HercrBo. Biammmup Aunexcannposud KoTenbHHKOB
pomuicst 6 centsiops 1908 r. B Kazanu B ceMmbe mpodeccopa
Kazanckoro ymmBepcmtera Aurexcanapa Ilerposmua Ko-
tenbHUKOBaA (1865—1944). Ero mate — Bapsapa I[lerpoBHa
KorenbaukoBa (JIurBunenko) (1878 —-1921) — poaunace,
BEIpOCTIA W OKOHYmJa ruMHaszmio B Kuese. B cembe ObLTO
Tpoe nereit: Tatbsina, Bnaaumup u BeeBoson ¢ pa3zuuneil B
BO3pacTe 10 TPU I'oJa.

HeGoratsiit nBopsinckuit pon KoTeabHUKOBBIX Npociie-
KUBaeTcs HauuHas ¢ 1622 r. Buian B HeM BOEHHBIE, MOIbS-
I, MEJIKHE CITyKallie, MH)XXEHEPHI U yueHble. YeTbIpexkpart-
HbIA mpagen Baagmmmpa Ausexcannposmua — CemeH
Kupuninosuu Kotenbuukos (1723 —1806), MmaTeMaTk, ObLT
CEIbMBIM I10 CUETY POCCUHCKUM Y4eHBIM, U30paHHBIM JEH-
CTBUTEJIbHBIM 4JIeHOM Poccuiickoit akagemun Hayk (1751 1.).

Hen — Ilerp MBanoBmu Kotenbnukos (1809—1879),
npodeccop maTematukn Ka3aHCKOro yHUBEpCUTETa, EKaH
(usnko-MaTeMaTuueckoro (QakyiabreTa, OMKANIMN TO-
momank H.U. JloGaueBckoro. OH ObLT €JMHCTBEHHBIM B
MUpE yYeHbIM, KOTOPbIN 1ipH xu3Hu H.U. JlobGaueBckoro He
TOJIBKO MOHSJI €r0 FeOMETPUIO, HO M OTKPBITO OTCTAUBAI €€,
Opocasi BbI30B BCEil HAYYHOU OOIIECTBEHHOCTH B TO BpeMs,
Koraa ObljIa OTKPBITA SIPOCTHAS TpaBis ydeHoro. OT Hero
eIMHCTBEHHOTO JI0OAYeBCKUil YCIIBIIIA TyOJINIHOE TIPU3HA-
HUE CBOUX 3aCIyT CO3/aTeIsl HOBOM HAYKH.

Otenn — KotenbHukoB Asekcannp Ilerposuu, npodec-
cop Kazanckoro ynusepcutera. Beigaromuiicst MaTeMaTHK U

MexaHuK. Co3naTesib BHHTOBOIO WCYHCIICHUS, OJUH U3
OCHOBOIIOJIOKHUKOB MEXaHUKU HECBKJIUOBA MPOCTPAHCTBA
U TEOMETPUU IPOCTPAHCTBA-BPEMEHH.

CuyactiimBoe n 0e300J1a4HOE JIETCTBO MaJieHbKOro Bo-
JIOAU JUIMIIOCH 10 6 JIeT (10 NepBOM MHUPOBOH BOWHBI), U
nponuio oHo B ocHoBHOM B Kasauu. B nome KotenbHuko-
BBIX YacTO OBIBaJM [PY3bsl M KOJUICTH M3 YHHBEPCHUTETA,
OBLTO MHOTO KHHT, 3By4aja MY3bIKa. B3pocible MHOTO
pabotamu. Jletelt, mo Mepe MmoApacTanus, 00y4ald urpe Ha
posiie, HeMerkoMy si3bIky. K mrectu romam Bosons ymen
YATATh, MHACATh, OCBOMJI apu(METHKy, HA4Yayia ajreOpbl U
TEOMETPUH, TMpaBAa TPUTOHOMETPHs cpa3y Kak-To 'He
monuia". OH MHOTO 9YHTal, C OTIOM OHH TPOBOJIUIA
WHTEpPECHbIe (PU3NUECKUE OTBITHI, KOHCTPYHPOBAIU PA3JIHY-
Hble MexaHU3MBbL. Auekcannp I[leTpoBuu yBiekascs GpoTo-
rpacdueit, u Booas Habarogan Bech mponecc OT HPUTOTO-
BJICHUS (POTOIMYIIBCHH [UIs1 (POTOIUTACTHHOK U 10 NIeYaTAHUS
CHUMKOB. XOJMIM HA BBICTABKH, BUICIH JaXe HACTOSIIHUN
camouteT. OTel IPUBOINII ChIHA B YHUBEPCUTET, T/I€ MOKA3bI-
BaJI CO3/TAHHBIA UM MaTeMaTHYeCKUH KaOMHET ¢ MaTeMaTH-
YEeCKMMU MOJIEJISIMU COOCTBEHHOTO M3TOTOBJICHUs. Briocen-
CTBUM 3TOT KaOUHET C ero 6oratoil OuGIMOTEKOH sIBUIICS
MaTepuaJibHOW 06a3oif s coszmanus HayuHo-mccnemoBa-
TEJIbCKOTO HHCTUTYTA MATEMATUKU U MeXaHUKH pu Ka3zan-
cKkoM yHuBepcutete [1].

Jlerom 1914 1. ponurtenu cobpaiucs nepeexats B Kues,
Ha poauHy Mambl. OHa HUKAaK HE MOIJa NPUBBIKHYTH K
Kaszanu, ee ximMmary, yacrto 6osena. Hakosen eit ynanoch
YIOBOPHTh MYXa MPUHSATH MPEIJIOKCHHE 3aHATh MECTO

Ilerp WBanosnu KotenbuukoB (1809—1879), mex B.A. KorenbHu-
KOBA.

Aunekcanap IMerpouu KorenbHuko (1865—1944), oren B.A. Kotelnb-
HUKOBA.
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npogeccopa Ha kadenpe mateMaTuk B KHeBCkoM yHUBED-
cutere. C ceHTsa0ps Auekcanap IleTpoBuu mgoJpKeH ObLI
MPUCTYNUTD K paboTe Ha HOBOM MecTe. Ml BAPYT BCs KU3HB
TepeBepHyJIach — Havajach epBasi MupoBas BoiiHa. B Kues
CeMbsl IpUeXaja B TOT JIeHb, KOT1a HEMIIbI IPOPBAJIN PPOHT,
NOJHSAJIACh CTpalllHAs HaHWKA, U HACeJEHHE XJIbIHYJO W3
ropoaa. C sToro u Havajoch ux "xoxmaenus no mykam". C
OTPOMHBIM TPYAOM yIAJIOCh HA CIIEIYIONIHIA IeHb BBIOPATh-
cs1 13 Topona u nobpatbes 10 Kazanm. A manbime o6cTos-
TEJbCTBA CKJIAJIBIBAJIUCH TaK, YTO CEMbsl OKa3bIBajach B
LHEeHTpe CcTpallHbix coObITuil nox Kaszanbro, B Kaszanu, a
3ateM, ¢ oceHu 1918 r., onsates B Kuese. C 001b1IUM Tpya0M
WM TOT/1a yaajiock npoOpathes B Kues. Bbia Hagexaa, 4To ¢
YCTAHOBJICHHEM TaM T€TMAHCKON pecIyOJINKH XU3Hb HaJIa-
JIUTCS, U OMATh HayHeT pabortath yHuBepcuter. C 1917 1.
3aHSTUSL B YHUBEPCUTETE, dBaKkynmpoBaHHOM B CapaTos,
npekpatuiauch, u Ajekcanap IleTpoBuu okasajcs 06e3
pabotel. Ix xwu3ub B Kuese, xak BcmommHan Biagumup
AnekcaHIpoBUY, OY€Hb TOYHO OomucaHa B pomane M. Byi-
raxosa "benas reapaua". To ke BpeMs, TO Ke MECTO U T€ K€
obcrosTenbeTBa. "Benuk ObLI roQ M CTPAIIEH IO IO
poxaectBe Xpucroom 1918, HO 1919 ObLT ero crpari-
Heit..." Ilnu Gou, TOPOJI MEPEXOAUT U3 PYK B PYKH, KPYrOM
mapuia paspyxa. Bpems 6pu10 cTpaiiHoe, rojogHoe. dener
He OBLI0, MPOJIaBATh OBLJIO HEYETO, & CEMbIO KOPMHUTD HAJIO.
IIpodeccop Bapril MbUIO MO PELIENTY U U3 CHIPbs, KOTOPBIE
JIOCTABAJIA €T0 IPY3bsi M OBIBININE KOJIIETH. J{eTH pacrieranu
KaKue-TO MOKPhIBajla M 3aHABECKH HA HUTKH, CMaThIBAJIM UX B
Ki1yOoku. Mama mekia OyJIOYKH U3 TPOJIYKTOB, KOTOpPBIC
TaKkXe JOCTABAJIN 3HAKOMBIE... M Bce 3TO OTel mpoaaBat Ha
pbiake. A Beuepom Auvtekcanap IlerpoBuu cammics 3a
MACBMEHHBIN CTOJI U Jomno3aHa padotai. Ilo-Buaumomy,
IpUMEp OTIA, YBJICYEHHOT 0 HAYKOM, TPUBBIKIIIETO MOCTOSIH-
HO TPYAMTLCS, U BocmuTajl B Bosone xenanue u ymeHue
CaMOCTOSITEJIbHO paboTaTh. KHUTH, y4eOHUKH, KOTOpBIC B
9TOM ceMbe OBLIM MPEeIMEeTOM IEepBO HEOOXOIUMOCTH,
Tepee3xaim ¢ Heil u3 ropoaa B ropoj. UutaTh ux OBLIO
HHTEPECHO, W OH CAMOCTOSITENILHO mocTuran 'Hayky".
Koneuno, Obljla BO3MOXHOCTb BBISICHUTH HEIOHSITHBIC
BOMPOCHI Y OTIA, HO TAKOI HEOOXOAMMOCTH HE BO3HUKAJIO.

B 1920 r. Anekcannp IleTpoBuy O6bLT pHraiieH pabo-
TaTh B [loJIMTeXHNYECKUI MHCTUTYT, OTKPBIBIIUIICS TIEPBHIM
u3 By30B nociie Beex "meprypOaunit”. XKusub Bpoae Havaia
MOHEMHOTY HaJtaxuBathcsl. Ho cimyunnace 6ena: B 1921 r. Best
ceMbsl, KpoMe 1y10M yuesesliero Bosoau, 3aboena tudom.
A 3aTeM ceMbI0 TOCTUTJIO CTPAIITHOE TOpe — OT TU(a yMepJiu
Mama u TeTs JIuza, manuna cectpa. Bee momarninue 3a060Thl —
XO3SIICTBEHHBIE U BOCIMTAHKE JIETEW JIETJIM Ha TUICYU OTIA.
Crapmme netri — Tatbsina u Boytois aktuBHO moMoramu. Mx
00513aHHOCTBIO OBLIO CIENUTH 32 MOPSIKOM B JOME, IO-
TOBUTBH 00€/], HOMOTraTh OTIYy Ha OTOPOJIE, 34 CUET KOTOPOTO
OHH B OCHOBHOM KOPMIIUCH, U IPUCMATPUBATH 38 MJIAIIITAM
6patoM CeBoii — oH ObL1 y HuX "Ha moxxBate".

IlIkoma. UncturyT. YHuBepcuter. B mkosy Bonons mo-
crymwi B 1922 1., cpa3y B 5-to rpymy (5-i kiacc). Yauics
OYeHb JIETKO, MHOTO€ OH Yyxe 3Haj. Pusuky y HHUX Bel
npenonasatenb [lomutexumueckoro uHCcTUTYTa. Ero ypokn
Bcerga OBLTM OYeHb WHTEPECHBI M YacTO MPOXOIWJIHN B
IToymTexe, T1Ie B OOJBIION ayUTOPUH JEMOHCTPUPOBAIIUCH
3aMevaTebHbIe ONMBIThI. MaTeMaTHK ObLI CTYJICHTOM TOTO
ke uactutyTa. C HuM Bostoas pelas 3aJauky Ha paBHBIX. B
IIKOJIe BBIMYCKAJaCh CTEHra3eTra, B KOTOPYIO YYCHHUKHU
MUCAIH 3aMETKH OO0 WHTEPECHBIX AOCTWKEHMSIX HAYKH MU
TEXHUKU. Bce MaJBUMINKKA THCAJIN TOJBKO O caMoJieTax.

5*

Bosoas Korenbuukos. "Kak ke paboraer pamuo?"

DT0 OBUIO BpeMsi OYpHOTO pa3BUTHS aBUAnUU. Bosoas xe
pemmn HamucaTh o pammo. C caMoyieTaMH eMy, Kak OH
cuuTall, Bce ObUIO OoJiee MM MEHee IOHATHO, & BOT PAaHO
0CTaBaJIOCh 3araJIkou.

BriepBble OH yBHIEI, BEpHEE, YCIBIMAT paTIuoNepeaaT-
ynk B Kazanu B 1918 1. TO 7111 Y KpacHBIX, TO Jin y OEJIbIX BO
Bpems 0oeB 3a ropos. [Tama pacckasai emy, Kak C TOMOIIBIO
HEBUIUMBIX ¥ HECJIBIIIIIMBIX PAIMOBOJIH EPETA0T COOOIIIe-
. Ha Bonpoc cema: "Kak 310 ycrpoeno?", oH OTBETWUIL:
"Tel 3TOro moka He moiiMerns". OOBIYHO MOCJIE TAKOrO
oTBeTa Bosons crapancs mpuiymaTb CBOEe OOBSICHEHHE
HETIOHSITHOTO €My SIBJIEHUSI HJIM YCTPOUCTBA, M 9TO €My KaK-
TO yJaBaJIoCh. B 3TOM Xe ciyuae OH oxasajcs OecCHJICH.
Panmmo ero motpsicio!

Cratpto oH Hammcajd. s 3TOoro, mpaBma, MPHIILIOCH
OBICTPEHBKO BBIYYUTh TPUTOHOMETPUIO, KOTOPYIO B IIIKOJIE
OHHM ele He mpoxoauiu. OJHAaKO, YTOOBI MO-HACTOSIIEMY
pa3obpaTtbcst B CTAThSIX XYpHAIa MO paguoTexHuke 7Te.e-
epagus u meaegdonus 6e3 npogodos, KOTOPBIIA MO ero Mpocbde
TIPUHEC OTEIl, 3TOT0 OKa3aIoch Majo. (B To Bpems momyisip-
HBIX XYPHAJIOB IO PATUOTEXHUKE, €Ie TOJIBKO 3apOXKJIaB-
ieiicst Hayke, He Obu10.) Torga-To oH M pemmus, 4To OyaeT
BCEpbE3 3aHUMATHCS PAANO.

B 1924 r. cembs mepeexana B8 MockBy. B Kuese Hauanach
axtuBHas "ykpanausanus". Crajau TpeGoBaTh, YTOOBI IPO-
(beccopa uMTaNM JICKIIMU HA YKPAUHCKOM SI3bIKE. AJICKCAHIIP
ITeTpoBuY pemm nepeexath ¢ AeTbMU B MockBy. Ero naBao
MpUTJIAIIAINA Ha TPOo(eccopeKyro NT0HKHOCTE B MOCKOBCKOE
BbIciIee TexHuyeckoe yumiuiine (MBTY). Oxkonuun mikomy
Bomnoas B Mockse B 1925 r. Beero B 11koJie OH Hpoy4uJcs Tpu
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roja, HO MOCKOJIbKY OH MHOI'0O 3aHUMAJICS CaM, TO YPOBEHb
MOATOTOBKU y HETO OB JOCTATOYHO BBICOKHM IIJIsI TIOCTY-
menus B By3. [1o paamocnenuaabHOCTH, O KOTOPOH MeuTal
Bnagumup, rorosuniu B MBTYVY, HO Tyna npruHEMAIN TOJIBKO
JII  paboyue-KpecThTHCKOTO IPOUCXOXKJICHUS IIoCiie pad-
(axa. [Tpunioch MOWTH B TEXHUKYM CBSI3U. A uepe3 roji B
1926 r. on mocrymwui B MBTY — Tam ObL1 00BsIBIICH
OTKPBITBI TpHEM. YUHUTbCS OBLIO JIETKO W HHTEPECHO.
IToceman oH TOJBKO T 3aHATHS, KOTOPBIE CUMTA HHTEPEC-
HBIMH U TOJIE3HBIMU, B OCTAJIBHOM MPEINOYUTa pa3oupa-
TbCsl caM 10 KHATaM. [lapaliiesbHO OH moceInaj JISKIUH B
MOCKOBCKOM TOCYIapCTBEHHOM YHHUBEPCUTETE U TMPOIIET
BCIO TporpamMmy (u3uKo-MaTeMaTHueckoro (axyibTeTa,
KOTOPBI B TO BpeMst HaX0oAuJIcs Ha MOXOBOM B 3/1aHUH, T/1e
Temnepb pacrosaraercs HCTUTYT paIuOTEXHUKH U JJIEKTPO-
nuku (P23 PAH).

Acmupantypa. Teopema KortesbnukoBa. B 1930 r. Bra-
IUMUDP OKOHYUIT MOCKOBCKHMI SHEPreTHYECKUA WHCTUTYT
(MBU), xoTOpBIi BIACTHICS K TOMY MOMeHTY u3 MBTYVY,
7 IPOTHUB CBOEH BOJIM OKa3aJicsl B acmupaHType. OH MedTa
pactpenenutbess B LleHTpasnbHYI0 paauoiadopaTopHro
(LIPJI), B xoTopyro ObLia npeobpazoBana Huxeropomackas
panuosnabopartopus nociie nepee3ga B Jlenunrpaa. byayun
CTYJICHTOM, OH JABXK[IbI, ITOCIIE IEPBOTO U TPETHETO KYPCOB,
MPOXOAUJT MPAKTUKY B ITOU JabopaToOpuH MOJ PYKOBO-
ctBoM B.A. Octpoymosa. ITo pe3ynbTataM nepBoil mpak-
Tk Biagumup omyOsmkoBan B xxypHase Hikeropoackoit
paauonabopartopuu Teaeepagus u mesedoHus 6e3 npogooos
(Ne 46, 1928 1.) cBOrO mepByro Hayunyro pabory "Tpoiinoii
xapakteporpad". OmHako B JeKaHATE €My Kak JIydqIIemy
BBIITYCKHUKY Ipemiokmim octaTtbes B MOU. On oTkasascs
— XOTeJ 3aHUMaThesl Haykoi. [IpenonaBartesbckast pabora
€ro B TO BpeMs He mpuBiiekaa. [Toka I neperoBopbl —
€ro yroBapuBalid, OH OTKa3biBajcsi — Bce mecta B L[PJI
OKa3aJuch 3aHAThl. OCTAINCh TOJIBKO CaMble HEMHTEPECHBIE
BapUaHTBl — YUCTO JKCILTyaTallMOHHAs padoTa B JPYrUX
opranmzamusax. OH JUXOPAJO4YHO OOAyMbIBAJ, "KaK XHUTh
naneine". CraBaThest OH TOKA He cobupaiics. Heokumnanuo
BBIXOJ M3 MoJjoxeHus Hawesl npodeccop M.I'. Kusiukum,
KOTOpPBIU CiIy4aliHO HAaTKHYJICS Ha Bmagmmupa B kopumope
MHCTUTYTAa U MPEIJIOKHUI Mot pabotath k Hemy B HUU
ces3u Kpacuoit apmun (HUMC PKKA). Tak u penmuim.
Uepe3 Tpu mecsima o ero Mecte paboTsl y3Hamm B MOU.
TMoansincs xytkuit ckannan, U.I'. Knaukuna cranmm oOBu-
HSATb B HEMOPSIOYHOCTH... JlesaTh OblIO HEUero, MpUILIOCh
MMOYUHUTBCS Cyan0e U BepHyThess B MOU. Tam ero cpa3sy,
0e3 3K3aMEHOB, 3aUUCIIMIINA B aCIUPAHTYPY (¢ stHBaps 1931 1.)
7 OJHOBPEMEHHO NPHHSJIM Ha TOJDKHOCTH CTapIero jabdo-
panTa. Biagmvmup padoTai cHavasa CTapIiiM Jab0opaHToM,
HaJlaxxuBasi paboTy yueOHBIX JTaOOpATOPHii, a 3aTeM accH-
CTEHTOM Ipodeccopa.

Tam xe, B "naGopatopkax", oH BlepBbIe BCTPETUI CBOIO
Oyaymyro Jiro60Bb U keHy — AnHHy MBanoBHY Boramkyro
(1916—1990). IloxenuBrmmch B 1938 r., OHE BBIpACTUIIU
TpOUX JETed M NPOXUIM B OOJIBLION JIOOBM [0 KOHIA
CBOUX JHEM.

Acnupantypa B MOU Tex JieT kKapAMHATIBLHO OTJINYAIACh
OT COBpEeMEHHON. ACIUPaHTBI ObUIA MPEIOCTABICHBI CAMHU
cebOe. Hukaknx HAyYHBIX pyKOBOJUTENEH, HUKAKAX HAYYHBIX
TeM. O6s3aTeNIbHBIMU KypcaMu ObLIIM TOJIBKO dutocodust u
HMHOCTPAHHBIN S3bIK, OCTAJIbHBIE KYPChI BHIOMPAJIU II0 CBOEMY
YCMOTPEHHIO. BramuMup pemmi, 4To pa3 yxX CIO0XKHAIACh
Takasi CUTyalus, To OyJIeT 3aHMMAThCA HAy4YHOU paboTOM
caM. OH BHIMATEJILHO IPOAHAN3UPOBAIT AKTYaJIbHBIE IPO-

0JIeMBbl paJIno U MPOBOJHOM cBs3u. B pesynbrate, B 1932 1.
UM ObLIM OMYOJIMKOBAaHBI TPU PAOOTHI, OJIHA U3 KOTOPBIX —
"O nponyckHoii cmocobnoctu "sdupa" u mpoBoJOKH B
9JIeKTpoCBs3u" — OblIa 3asBJIeHa KaK JIOKJIAJ] HA HAMeYaB-
mmiicss [ BcecorosHbIil che3q MO BOIMpOcaM TEXHHYECKON
PEKOHCTPYKITH JeJIa CBSI3W M Pa3BUTHS CIIa0OTOYHOI mpo-
MBIILICHHOCTH. Che3]1 He COCTOSUICS, HO MaTePHAIIbI K HEMY
O6buH onmyOsKkoBaHbI B 1933 1. (mOKIa IPUHSAT K NIeYaTH B
HostOpe 1932 1.) [2]. 3akaHuMBasi acnupaHtypy, Biagumup
JTIOJIOKWJI CBOM paboOThI HAa Y4UeHOM coBeTe (akyibTeTa.
Hoxiaz 6b11 0100peH, HO paboTy "O IpOoIyCcKHOM CIIOCO0-
nocta "a¢upa" ..." u 3HaveHme cHOpPMyYIMPOBAHHON B HE
TEOpEMBl OTCYETOB HA COBETE HE MOHsIM — "Bce Bpoe
BEPHO, HO IOXOXE€ Ha HayuHyio ¢anractuky". A xajb!
PaGoTta 3amevaTenbHa B JIBYX acmekTax. Bo-mepBbIX, 3TO
OBLT XOpOIIO APTYMEHTHPOBAHHBIN MPOTPAMMHBINA JTOKY-
MEHT, OTCEKaBIIHIA TYMUKOBBIC M YKa3bIBAIOIIUHN MEPCIICK THB-
HBIC M PEaIbHO OCYILIECTBUMBIC Iy TH PA3BUTHUS PAUOCBSI3H B
IJIaHE NpeoaojieHns "TecHOTHI B 3¢gupe u mposojoke". B
YaCTHOCTH, B paboTe yKa3blBaJOCh HA MEPCHEKTHBHOCTH
cocoba nepemaun "Ha ommoit Gokosoii mosoce". Kaxk
oKa3ajgo BpeMs, NPOTHO3bl Mosiogoro KoTtenpbHHKOBA
omnpapaamuch. CaM OH YBEPEHHO IIIEJI IO HAMEYEHHOMY UM
IyTH BMeCTe co cBoelt 1abopatopueit B HUU cBsizu Hapos-
Horo kommuccapuata cBszu (HUMC HKC) u mnosxke ¢
CO3JIaHHBIM UM JXe¢ VIHCTUTYTOM PaJMOTEXHUKH U IJIEKTPO-
wuku AH CCCP (MP3 AH CCCP). Bo-BTopsIx, 3Ta paborta
ObLTa ycTpeMJieHa B Oyayiee. Brmepsble, coaepxaTeibHO
00cyxast ”HpOpMaIMOHHBIN acnekT npoodiem cBsizu, Bia-
JUMED MaTeMaTHIECKH 0OOCHOBAHHO MPEACKA3aJl BO3MOX-
HOCTBh IUQPOBOH mepenaun uHpopmammu (ObLIa JTOKa3aHa
CTaBIasi BIOCJEICTBUM 3HAMEHUTON Teopema KoTtenbHU-

ABTOp Teopembl KoTebHIKOBA.




T. 176, Ne 7]

KOH®EPEHIIMM U CUMIIO3MYMBbI 757

koBa). Ero umpaes crama OCHOBOW COBPEMEHHOW TeOpUU
uHpopmarmu. B 3Tom acmekte paboTa omepeauia CBoe
Bpemsi, Io KpaitHet mepe Ha 15 net. B monHO# cTenenn ona
ObLIa OIlcHeHA JUINb B KoHIE 1970-X, Korma MOSIBHJIACH
BO3MOXHOCTh 3aMEHHTHh aHAJIOTOBYIO CHCTEMY Mepeaaun
curHajoB nudpposoii [3].

VueHoli creneHu Torja He npucyxaaiu. CTeneHb KaHau-
JaTa TeXxHHIecknx Hayk B.A. KoTeTbHUKOBY 3204HO TIpUCY-
it B 1938 1. JIeHWHAT paACKUit 2JIEKTPOTEXHUIECKANA WHCTH-
TyT (JIOTU) o coOcTBEeHHO! NHUITUATHBE.

HanbHeiimas uctopusi TeopeMbl KoTenbaukosa, chop-
MYJIMPOBAHHOMU ¥ J0Ka3aHHOM 24-1eTHrM "Gecpu3opHbM"
ACIHUPAHTOM, WM, KaK ee eIlle Ha3bIBaIOT, TEOPEMbl OTCUe-
TOB, — IIOYTH JeTeKTuBHas. [loHnMas ee 3HaueHue, Bnaan-
mup B 1936 1. mombITascs OMyOJIMKOBAThH CTAaThIO B OoJiee
IUPOKO YATAEMOM CIEIUATUCTAMU KXypHase J.eKkmpuue-
cmeo (opran DHepretudeckoro nHcruryra AH CCCP), Ho
nostyani otkaz! "Uro K, HE NPUHMMAIOT, TaK HE NPHHU-
marot! Komy HYyXHO, Te mpouuTaroT B «MaTepuamiax»
KoH(pepeHnuu", — penmia OH M HPOJOJDKUI paboTaTh
Jasplie, 3a0bB 00 3TOM 3mm30/e. BemoMHIIT 00 3TOM OH
Jmib B HoBoM, X X1 Beke, koraa emy nokasajiv HalIEHHOE B
€ro apxuBe MUCbMO C OTKA30M.

Yepes 15 net (1948 r.) Ko llleHHOH 0my6IMKOBAJT CBOIO
Teopemy oTcueToB [4]. imen BUTArOT B BO3/IyXe, M B PA3HBIX
TOYKaX 3eMHOT0 IIapa ¢ HEKOTOPBIM Pa30poCcoM IO BpeMEHU
7 CTETEHN TOYHOCTU (POPMYIMPOBKY MOSIBIISIIUCE MTOJOOHBIE
TeopeMbl. IToCKOJIbKY 3Ta TeopeMa UMEeT KIIIFoUeBOe 3Have-
HUE B TeOpuHU MH(pOpMAIUK, TO K Hell ObLIIO IPUKOBAHO BHH-
MaHHEe CIENUAINCTOB B 3TO# 001acTh, ocobeHHo B 1970-¢
TOJIBI, KOTIa C PAa3BUTHEM JJIEKTPOHUKH MOSBUIIMCH TEXHUYE-
CKHE BO3MOXHOCTH peasin3anuu HudpoBoil mepemaynm u
3anucy uapopmanmu. B 1977 r. mpu paccTaHOBKE IPUOPHUTE-
TOB ee ObLIO mpeasioxkeHo Ha3biBaTh WKS-Teopemoit —
teopemoit Whittaker — Kotelnikov—Shannon [5, 6]. I nako-
merr B 1999 r. ®oun Dnmyapma Peitma, momBoass wTorm
HanboJiee BBIIAIOIINXCS HAYYHBIX MOCTMXKeHWH XX Beka,
OPUCYANJ TIPEMUIO B HOMHHALMK "3a (DyHIaAMEHTaJbHBIE
uccnenoBanus" poceuiickoMy yueHomy KortenprukoBy Bia-
JUMEPY AJIEKCAHIPOBHYY 3a '"BIEpBbIE MaTEMATHYECKU
TOYHO CHOPMYIHPOBAHHYIO M ONMYOJIMKOBAHHYIO TEOPEMY
oTcueToB", Ha KOTOPYHO ONUPAETCs BCA COBPEMEHHAS,
cTaBimas nuppoBOi paTUOTEXHAKA W BBIYACIUTEIbHAS TEX-
HUKA.
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TTucbMO U3 pefaKuy KypHAIa DAeKmpuuecmeo ¢ OTKA30M B IyOJuKa-
MK CTaThu ¢ TeopeMoii KoTebHUKOBA (PYyKONMCHAS BCTABKA B TEKCTE
nuchMa: "...yduThIBas MpoGUIb HALIErO KypHaa, ...").

B crartbe, npeaiecTBOBaBIIEH BBIABUKEHUIO KaHAHUIA-
Typsl B.A. KotenbaukoBa Ha 3Ty npemuto, Hans Dieter Luke
o pabote "O mponyckroii cnocoonoctr "3¢upa" u nposo-
Jtoku B aiekTpocBssu” mucat: "TToCKoIbKY 3Ta 3aMedaTelb-
Has paboTa HUKOT/1a He ObLIa OMyOJINKOBaHA B MHTEPHAIHO-
HAJILHO JOCTYNHOM NeyaTH, MyOJIuKaluy TEOPEMbI OTCUETOB
B TEOPETHYECKH TOYHOU (hOPMYyJINPOBKE BOZHUKAIIM B JIUTE-
paType IO TEXHUKE CBA3M HE3aBMCHMO ApYyr ot apyra' [6].
VuuteiBass TOT (akT, 4YTO WM MO ceil JeHb 3Ta paboTa
BBI3BIBACT OOJIBINIOW UHTEPEC, TENEPh YK€ B HCTOPUIECKOM
acreKkTe, OHa BIEPBbIE B "MHTEPHALMOHAILHO JOCTYIHON
neyatu" myGJIMKYeTCSs B HACTOsIIEM Bbilycke YOPH B
MIPHJIOKEHUH K 3TOMY JTOKJIAdy.

Hayuno-nccienoBareabcknii nHcTuTyT cBsizn Hapoaunoro
komuccapuata cm3u. (ITozxe cranm maswmBatbes LIHUUC
HKC, no6asunu "Lentpanbueiii".) ITociie oOkOHUaHKS acmu-
panTypsl B 1933 r. Bragumup KoTenbHUKOB, ocTaBasich
npenoaaBath B MOU (accuCTeHT, 3aTeM JIOLEHT), MTOCTYIUT
Ha paboty B HUMC HKC (unxeHep, TJIaBHBIA WHXXEHED
WHCTHUTYTA 110 PAJIN0, HAYAIbHUK BHOBB CO3/IAHHOM JJabopa-
topun). B 1936 r. B otkpwiToil meuyatu KoTenbHUKOB
ONyOJIMKOBAJ JIBE MHUOHEPCKHUE padoTHI [7, 8], B KOTOPBIX OH
OJITHUM U3 NEPBBIX, UCIOJIb3Ys TEOPUIO BEPOSTHOCTH, BBIIIOJI-
HUJ uccieaoBanne 3(PQEKTUBHOCTH CHCTEM PAa3HECEHHOTO
IpHeMa CHTHAJIOB B MHOTOJIyY€BOM KaHAJle U TPEIJIOKUI
o0l aHATMTHYECKUI METOJ UCCIIeTOBAHNUS HEJIMHEWHBIX
MCKaKEHWIA CUTHAJIOB B pa3JIMYHbBIX ycTpoiicTBax. [TogoOHbIe
METO/Ibl OJIyYWJIU pa3BUTUE HauuHasl ¢ koHua 1940-x rogos
B paboTax KPYNHEHIIMX OTEUECTBEHHBIX M 3apPYyOEKHBIX
yueHbIX [9]. B 1935—1936 rr. npaBuTeIbCTBOM ObLIA OIpe-
JIeJICHa CTpATEerusl CO3JJaHUsI MarucTpaseil OJvkHel, cpe-
Heil ¥ aJibHeW pajnocBsi3u. B paMkax 3Toil mporpamMMbl B
HUWC npuctynmim kK pa3paboTke HOBOH anmapaTypsbl 1JIst
Takux JiuHui cBs3u. Eme uzs MOU KotensHukos "upunec”
TBEPJIYIO YOSKICHHOCTb B HEOOXOIUMOCTH ¥ BO3MOXKHOCTHU
peaM3aiyu 3aMedaTeIbHOM uier — "aHaJIOrOBOM Iepe1avn
Ha oo 6okoBoi mosioce" [2]. TIpeooies conmpoTHBIIEHHE
pYKOBOACTBa, Bragumupy AJieKCaHAPOBHYY BMECTE CO
CBOMMH COTPYIHHUKAMH YAAJIOCh OCYIIECTBUTH 3Ty HIICHO,
CO3/aB YHUKAJBHYIO anmnapatypy. [IpOMBIIUIEHHOCTb OTKa-
3aJ1ach TOTAa MPUHSITH 3aKa3 Ha M3TOTOBJIEHUE pa3padboTan-
HbIX npubopos: "CrenaTh HEBO3MOXKHO, TAK KAK HUKTO U
uurae Takoro ee He genan". "Cuemaem camu", — permi
KoTenbHUKOB, W chenanu. Anmapatypy YCTaHOBHJIU Ha
JuHUM cBsi3M MockBa — Xabaposck (1939 r.). Dto ObLI
BBIJAIOIIUICSI TPOEKT CBOoero BpeMeHu. Ho mpowusoiwnio
HEMPeIBUICHHOE — TOTOBYIO M UCTBITAHHYIO YHUKAJBbHYIO
pamuoTteneOHHYIO JIMHUIO K IKCILUTyaTalli He MPUHSIIA —
""couikom sierko moacaymath'”. TIpuiiocs CpoYHO UCKATh
BBIXOJI W3 CJIOXHUBIIEHcs cutyanuu. Kpunrorpadueit no
9TOT0 3aHUMATBCS] HE MPUXOJUIIOCH, TOCTYNA K COOTBETCT-
BYIOIIEH JIUTEPAType W COOTBETCTBYIOIIMM CHEIUATICTAM
He Ob110. [TopasmeicanB, KoTeIbHUKOB MpHIIET K BHIBOAY,
4TO C 3aJa4eil OHU crpaBsaTcs. M cpouHO B3SUIHCH 32 JIEJIO.
Hauayu "c mynsa". TIpeAcTosio PEIATh MHOTO HAYYHBIX U
TeXHUYECKUX MPOOJIeM, TIOCKOJIbKY pa3zpadaThiBajiach MPUH-
nunuaibHo HoBas anmapatypa. [lpounTas ctateio X. danmm
[10], onyb6nmkoBannyto B okTsiOpe 1939 r., B.A. KoTenbuu-
KOB Cpa3y OIEHII MOTEHIHATbHbIE BO3MOXHOCTH OIUCAH-
HOTO TaM BOKojepa (ammapata WCKYCCTBEHHOM peur) Kak
MEPCIEKTUBHOTO YCTPOMCTBA ISl CO3/IaHUSI HA €r0 OCHOBE
anmapatypsl mmdpoBaHus peun. Yxe B Hauasie 1941 r. B
snabopatopuu 3apabortain nepssiii B CCCP Bokomep. B xoze
OY€Hb HANPSHKEHHOU paboThl, "cpoku momxumanu", Brau-
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MUp AJIEKCAaHIPOBUY OOAYMBIBAJl OCHOBHBIC MPOOJIEMBI
muppoBanust. CBou COOOpakeHUSI OH H3JIOKUJI B OTYETE
"OCHOBHBIE TIOJOXKEHUS ABTOMATUYECKOM IMppoBKu",
MPEeICTAaBJICHHOM 3a TpU OHS JO Havaja BOWHBI, 19 WIoHS
1941 r. B sToM mokymenTe Brepsble ObLn "copmyupo-
BaHbl 4YETKHE MOJIOXKEHHS O TOM, KakUM TpeOOBaHUIM
JIOJDKHA YIIOBJIETBOPSITH MaTeMaTHUYeCKH HeAemudpyemas
CHCTeMa, W [JaHO [OKAa3aTeJIbCTBO HEBO3MOXHOCTH €e
nenmdposanus” [11]. Dta paboTa IBUIACH OCHOBOIIOJIATAFO-
el B pa3BUTHM OTEYECTBEHHOU Kpumnrorpaduu. O6 sToi
paboTe, K COXAJICHUIO, MaJIO KTO 3HAET, MOCKOJIbKY OHA TaK U
He ObUIa OMyOJIMKOBAHA B OTKPBITOU NeuaTu. Yepes ueThipe
rona K. IlleHHOH U3JI0KUIT TOAXOBI K TOCTPOEHUIO CTOUKUX
cucteM MI(POBAHUS B CEKPETHOM JTOKJIAe, TaTHPOBAHHOM
1 cents16pst 1945 r. B oTKpbITOM meyaTu 3TOT JOKJIAa ObLI
onyosmkoBaH B 1949 1. [4].

Boiina. HauaBiasicst BoiiHa 3actaBmia KoTenbHukoBa u
€ro COTPYAHMKOB NpPEPBATh HAYYHO-HCCIEIOBATEIBCKYIO
paboTy u nepeiiTu K CPOYHOMY MPOEKTUPOBAHUIO 00OPAa3IOB
anmapatypsl. Pabortamm moutm KpyriocyTouHo. Bckope,
korga ppout mpubmmsuiacs k Mockse, HUMC 6b11 pacy-
LLEH, BCE COTPYIHHUKH YBOJIEHBl. OCTaBUIU TOJIBKO Jlabopa-
Toputo KoTenbHUKOBA, B KOTOPOIi BeJIMCh paOOTHI IO 3aKPhI-
TOM pamuoTesedoHuu, Tak HeoOxomumoit s pponTa. Um
OBLTO TIOPYUEHO: MOJTYYUTh IEHBIU M PACIUIATUTHCS CO BCEMU
YBOJICHHBIMH COTPYIHUKAMH HHCTHTYTA; CKEYb BCIO JIOKY-
MEHTAINI0, KpOMe CaMOW Ba)KHOW; MOJTOTOBHTHL ammapa-
Typy J1a00paTOPUU K 9BAKyallMH; B ClIydae IPOPhIBA HEMLEB
K MockBe B30pBaTh 34aHNE HHCTUTYTA. [1epBbie Tpu MyHKTA
MpHKa3a OB BHIIOJHEHBI. B3pBIBATH HHCTUTYT, K CHACTBIO,
He mpunuiock. M 17 okTsa6pst 1941 r. B TpynOBON KHMXKKE
B.A. KoTenbHUKOBa TMOABUIACH 3amuch: "OCBOGOXKIEH OT
paboTHl B CBsI3M ¢ mpeaocTasienneM otmycka". M "ormyck"
HAYyaJCsi: B TCUCHUE OKTIOPS —HOSOPS MOATAITHO MPOBOIM-
J1ach 3Bakyarus jJabopatopuu B Ydy. [Ipogoinkenue pabot
HAJ[ alapaTypoil OCIOKHSIOCH TeM, YTO ObLIa YHUUTOXKEHA
3HAYUTENIbHAST YaCTh KOHCTPYKTOPCKOW JIOKYMEHTAIIWU.
HecmoTps Ha 370, yxe Kk oceHH 1942 1. Ob1710 U3rOTOBJIEHO
HECKOJIbKO 00pa3IoB alnapaTypbl CEKpeTHOM panuoTesedo-
HUMW, Cpa3y HalpaBJICHHbIX Ha 3aKaBKa3CKUW (QPOHT, C
KOTOPBIM ObLIIa IpepBaHa CBS3b B epuo 1 6oe noa CtaauH-
rpagom. Torga B apMuA UCTIOIH30BAIUCH TIPOBOHBIE JINHIH
CBsI3U. B pesysbTaTe ymaloch BOCCTAHOBHUTH 3Ty CBSI3b IO

Corpynuuku jgabopatopun B.A. Kotenpaukosa (Vda, anpens 1943 1.).
Crosit (cneBa Hamnpaso): E. Kynmna, E.JI. TaBpuios, B.H. Menxos,
H.H. HaiinenoB. Cunsar (cieBa Hanpaso): A.M. Tpaxtman, A.I1. To-
penos, B.A. Kotenbuukos, U.C. Heiiman, B.B. Il Teitaierep.

panurokanany. K Hauany 1943 r. Ob110 HaJIa)Xe€HO MPOU3BO/I-
CTBO ammapaTypbl, 1 OHA CTaJla MCIOJb30BAThCS B NIEHCT-
BYIOIIE apMHUH, YTO CIACIO MHOTHE JKA3HH COBETCKHX
COJIIAT ¥ SIBUJIOCH OTPOMHBIM BKJIaIoM B Jiesio [ToGenbr. B
TO BpeMsi 3TO Oblla camasi COBEpIIEHHAs ammapatypa
3aKpBITON panunoTesnepOHUU, NMPAKTUYECKH HE IMOIAaBaB-
wrasics "BekpeiTrro". IMEHHO Takas anmapaTtypa MCIoJIb30-
BaJlach AJIs CBsI3M MOCKBEI C HAIllel Jejieranueil Bo BpeMs
nognucanus kanutyysimuu ['epmanuu B mae 1945 r. 3a sty
paboTy KOJUIEKTUB JabopaTopud OBLT OTMEUEH BBICOKMMM
HarpagamMu — CTaJMHCKUMH TpeMHUSIMH |-d  CTeneHu
(1943 1.). Jenbru ObuM mepenanbl HA HYXabl ppoHTa. Ha
npemuro B.A. KotenbHUKOBA OBLIT HOCTPOEH TaHK.

ITo MHeHMIO cnenuaJIMcToB, 10 Havaja 1970-x rogqoB He
CYIIECTBOBAJIO 3P (PEKTUBHBIX aJTOPUTMOB Aenm(poBaHUS
COOOIIICHUIA, 3aIU(PPOBAHHBIX C TOMOIIBIO YCOBEPIIIEHCTBO-
BaHHBIX CUCTEM Takoro tumna [12].

Bo3spamenne B MockBy. MockoBckuii HepreTH4ecKkuii
uHcTutyT. BecHoit 1943 r. mabopatopusi B.A. KorenbHu-
KoBa ObLTa OTO3BaHAa W3 Yl B MOCKBY W IiepeBe/ieHa B
pacnopsbkenue HapoaHoro xomuccapuata BHYTPEHHHUX JelT
(HKB) CCCP. Tawm ee nepenaBanu u3 oTAeia B oTAeI... B
stoT MoMeHT B.A. KortenbHukoBa pasbickana B.A. T"omy0-
110Ba — HOBBIIA tupekTop MO, BoiiHa ellie mpo/10Kaiach,
HO CTpaHa yXe MPHUCTYNUjIa K BOCCTAHOBJICHUIO Pa3pPyILCH-
HOTro BOWHOI HapomHoro xo3siicrBa. Hauanm axtuBHO BOC-
craHaBauBaThCs 1 MOU — cTpaHe TpeGoBaIUCh Crienna -
cThl. PacckaszaB o mpoGsiemMax HHCTUTYTA M IEPCHEKTUBAX €r0
pasButusi, B.A. Tonybmosa npemioxuia KoTelbHUKOBY
BepHyThcsi B MOUW. Brnagumup AJiekcaHIpOBUY C TOTOB-
HOCTBIO coryiacuics. OH MpeArnovYnTall 3aHUMAThCSl HAyKOH
B TPXIAHCKOM YUPEXKJIECHUH, TeM OoJiee B pOJHOM HHCTH-
tyTe. B.A. I'omybmosa Oblita sxeHOM miepBoro cexperaps LK
KITICC I''M. Manenkoga. [To-Buaumomy, 61aroiapsi 3ToMmy
U yAajaoch Bramumupy AJieKcaHIpOBUYY, OyIy4yd PYKOBO-

B.A. KorenbHukoB (B 1eHTpe) B yueOHO# nabopatopun PTD MDU
(1946 1.).
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UTEJIeM CEKPETHOM TeMaTuku, nepeiitu u3 cucrembl HKB/{
B MOU. Ilpukaz o mepeBoge B MDU HA HOKHOCTH
3asenyrouero kadeapoit "Ocuosel pagunorexuuku” (OPT),
KOTOPYIO €Ille MPEJICTOSTIO CO3/IaTh Ha PaJIMOTEXHHISCKOM
¢daxynbrere (PT®), 661 noanucan 1 HosOps 1944 1. [To3aHee
Brnamumup AnexcaHapoBud ObLT M30paH elle W JIEKAHOM
PT®. On cuurtaercs oquum u3 cozaareseit PT®. B nporecce
€ro MHOTOTpaHHOH JesiTenbHOCTH B MDU chopmupoBanach
HayyHO-Tlegaroruyeckas mkoja B.A. KoTtenbHukosa, mosy-
YMBINAsT Pa3BUTHE IO TPEM OCHOBHBIM HATPABJICHUSIM:
JaJIbHElIee pa3BUTHE UIICH CO3aHHOW UM TECOPUU TOTEH-
IUaJIbHON TOMEXOYCTOMYMBOCTH; UCCIIEAOBAHMUSI, CBSI3AHHBIC
C TeopHell 3JIeKTPOMArHUTHOTO MOJISI 1 OCBOGHHEM HOBBIX
JIMATIa30HOB JJIEKTPOMATHUTHBIX BOJH (MHJUIIMETPOBOTO,
CyOMUJUTUMETPOBOTO, HH(PPAKPACHOTO U ONTHYECKOTO);
WHXEeHepHO-Hay4uHoe [12].

Braaumup AjnekcaHIpOBUY BCETa CYMTAIL, YTO IJIaBHOE
B MOATOTOBKE CIHENUATUCTOB — 3TO XOpollee 3HAHHE
(u3nKy, MATEeMAaTHKA ¥ YMEHHE CaMOCTOSTEIbHO AYyMATh.
OH mepBBIM BBEJ IMpENoAaBaHUE KYpPCOB TEOPETUYECKON
¢usukn 8 MBOU. Kypewl nexiuit Kotenbaukosa "OCHOBBI
pamuotexuuku" u "DieKTpoMHAMHUKA', KOTOPBIE OH BCErIa
YUTAJ caM, MOJb30BAJIMCh OTPOMHOM MomyJIsipHOCTBIO. VX
CIIyIIajy CTYACHTHI U IpenoaaBaTenu He Toabko PT®, Ho n
npyrux (axyapTeToB. Bramumupa AJekcaHapoBHYA HA3bI-
BaJIM JieKaHOM-pehopMaTOpoM. B OBITHOCTH €ro JeKaHOM,
Ha (akyiabTeTe OBUIO OCYIIECTBJICHO MHOTO IMOJIE3HBIX
npeoOpa3oBaHUil, B YaCTHOCTH, UM ObLIa OCHOBaHA HOBasl
CenuaabHOCTh — paauodusuka [13].

OnHoBpeMeHHO Bragumup AsekcaHApOBUY KOHCYJIHTH-
pOBAJI CBOIO OBIBIIYIO JIAOOPATOPHIO IO OCHOBHBIM MPOOJIe-
MaM CEKpeTHOH Tesie)OHUH.

Teopusi moTeHUMANbLHOI NoMexoycToifunBocTH. BecHoil
1946 . B.A. T'onyOuoBa BeI3Bajia kak-to KotenbHUKOBa U
pelmTeabHO cKasana: "Biagumup Ajekcanaposud, Bam
HEOOXOIMMO 3alUTUTh JOKTOPCKYyIo quccepranuto". Hano,
Tak Hasto. CaM oH 00 3TOM He nymalt. Hukakux uaei HacueT
TeMBbl JUCCEPTAlMU Yy Hero torjga He Obuio. CymiecTByeT
JIereH/1a, 4To B TPYAHbIE T'OJbI 3BAaKyallMd Ha OOpBIBKAaX
Oymaru ObLia HaOpocaHa Oymyiasi JOKTOpPCKasi TUCCEpTa-
[Usl IO TMOTEHIMAIbHON MMOMEX0yCTONYMBOCTH, KOTOpas, K
HECUYACThIO, ObLIA MOTEPSHA MPH BO3BPAICHIH H3 3BaKya-
nuu. D10 He Tak. JelicTBUTENbHO, OBLIT YeMOIaH, KOTOPBIHA
yKpaJid, HO JuccepTanuy TaM He Obuto. Torma ee He ObLIO

"Bot TaK... coBceM npocto...". (Ha nexuuu 8 MOU (1947 1.).)

poobOme. CamMoe IIeHHOE, YTO OBLIO B YeMoOJaHe, — 3TO
Oyxanka xiyeba. Jletrom KoOTeIbHUKOB B3sUI O4YepeTHOU
OTIYCK, OTIPABUJ CEMbIO HA Aady M NPUHSIICS COYHHSATH
"Teopuro MOTEHIUAILHON TOMEXOYCTONIMBOCTH" — Tak OH
Ha3BaJl CBOIO JuccepTanuio. [0 OKOHYaHHS OTITyCKa 3aKOH-
YUTH €e He YAAJIOCh U NMPUIIIOCH NOJEJbIBATH 110 BeYepam
nocyie pabotel. OceHbto auccepranus Obuta rotoBa. C 3a-
IATOH, OJHAKO, BBIILIA HEKOTOpas 3amuHKa. [lompickaTh
ONIIOHEHTOB O0KAa3aJioCh HE MPOCTO — paboTy HHUKTO HE
nonuMat. "OHa TOSBUIACKH JUUIST HAYYHOM OOIIECTBEHHOCTH
GykBasibHO Ha ycToM MecTe" [14]. CebutaThest aBTOPY ObLIO
He Ha Koro. PaboTa onepexasa cBoe Bpems pUOIU3UTEIbHO
Ha 10 ner. Ob6patunuce k akagemuky H.J[. TTamanekcwu.
Hukonait IMATpueBUY MpocMOTpe paboTy U cKa3all, YTo
He moHsu1 ee. K TOMYy ke cChUTIOK Ha Ipyrue paboThl B Hell He
ObLTO, PYKOBOJIUTENSI Y JUCCEPTAHTA HE OBLIIO — caM IO
cebe. Onnonuposath H.JI. [Tananexcu otkazascs. B xonie
KOHIIOB ONMOHEHTHI ObLIM HalAeHbI, U B siHBape 1947 T.
nucceptanus Obuia 3ammiieHa. OueBHONBI BCOOMHUHAJIM,
4TO OBLIO BHEYATJIEHHE, OYATO MaJO KTO W MajO 4TO W3
paccka3aHHOTO TOHSUI, AaXke ommoHeHThl. Ho y Bcex ObLIO
OLIYILIEHWE, YTO Ha UX TJazax "pOXKIAETCSA YTO-TO OYEHD
3HaunTenbHOe". BIOCIEACTBHM CTAlO SICHO, YTO B 3TOT
JIeHb POAMJIACH OJTHA U3 ABYX B3aUMOOTOJHSIOIINX BETBEH
teopun uapopmaruu. [Ipyrast BeTBb, padbora K. lllenHoHa,
nosiBiiiack B 1948 1. [4]. B paborte KotenbaukoBa BriepBbIe
OB TPOAHAJU3UPOBAHBI OCHOBHBIE MPOOJIEMBI CBSI3H C
TEOPETUKO-BEPOSITHOCTHBIX No3uimii. OHa mana MOUIHBIN
HUMITYJIbC [JIS1 PA3BUTHSI CTATUCTHYECKOM TEOPHM Nepetaqu
COOOIIECHUH, CTATUCTUIECKOTO CHHTE3a ONTHMAJIbHBIX METO-
JIOB 00pabOTKHU CHTHAJIOB, pa3paboTke 3(h(PeKTUBHBIX aJiro-
PUTMOB (HYHKITMOHUPOBAHMSI MPHEMHBIX YCTPOUcTB [15]. ITo
TeMe JUCCePTALNH aBTOP OMYOJIMKOBAJI TOJIBKO OJHY KOPOT-
Kyro ctaThio "IIpo6IieMbl MOMEXOYCTOMYUBOM paanoCBs3H"
(1947 r.) [16]. Dx3eMILISIp AUCCEPTALIUH, KAK TIOJIOKEHO, ObLIT
nepenan B JlennHckyro 6ubmuoteky. [loHOCTBIO TOrAA 3TA
pabora onybyimkoBaHa He Obuta. [To-BuauMomy, KoTenbHu-
KOB MOHUMAJI, YTO CUTYAIsl CKJIAJIbIBACTCSI TaKas ke, Kak U

ITpa3anuk ¢ xeHoit u nouepwro Hatamnueit (1948 r.).
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co cratbeii "O nponyckHoi cnocoonoctu "apupa"...". Eciu
yxk cam akagemuk H.J[.ITananekcu paboTy He TOHSI, TO KTO
xe ee onybiukyer? "KomMy Hamo, TOT npoudTaer ee B Jle-
HuHke", — pemm aucceptant. Monorpadus B.A. Koteb-
nukoBa "Teopus MOTEHIMAIBLHOW MOMeEXOyCTOoInBOCTH"
[17] BBIILITA TOTBKO B 1956 T. IOCIIE TOTO, KaK B 3apyOEKHOU
mpecce MOSIBUIINCH MEePBble CTATHU 110 ITOU TeMaThke. DTa
pabora mpoussena (Gypop BO BceM 'paadOTEXHHYECKOM
mupe". K B.A. KoTeJIbHUKOBY TIpHIILIA MEPOBas ciiaBa!

B 2005 r. B apxuBax Bmagummupa AjexcanapoBuda ObLI
obuapyxen "Crmcok nevaTHsix pabot B.A. KoTenbHuKOBA.
1950 r.". Tam Obut0 ykazano: «"TeopHs IOTEHIHUAILHOM
HOMEXOYCTORUUBOCTH" — MoHOrpadus 12 1. J1., pyKONUCh,
roroButcs K nedatu. Ceszbusaam). 3uast Biagumupa Ajek-
CaHIPOBUYA, TPYIHO ceOe MPEeICTABUTh, YTOOBI OH HA IIIECTh
neT "3aTsHyn" BBINOJIHEHME HAMEYEHHOrO UM jeia. Bos-
MOJHO, TOTJIa 3Ta paboTa TakKe He ObLIa IPUHATA B IIEYATh.

Mapdunckas aaGoparopus uam "Kpyr tperuii”. B xuurax
A.MN. Comxenunpiaa "B kpyre nepsom" u K.®. Kanauesa
"B kpyre tpeTbeM" [18] OMUCHIBAIOTCS COOBITHS, TIPOUCKO-
JIUBIIIAE B OJIHO U TO JK€ BPEMSI B OJTHOM U TOM K€ MECTe —
Mapdodunckoii naboparopun. O6a aBTopa ObLIN €€ COTPY-
HUKAMH, HO TEPEXHMBAIM W BUIEIU MPOUCXOJMBIIEE MO-
pasHOMY, KaxIblii B cBoeM pakypce. "Tlepsoiii kpyr" Coinke-
HUI[BIHA, CIEIHAIICTA-3aKJIFOYEHHOTO, — 3TO KPYr aja.
Tpetuii xe "kpyr" Kanauesa, "BosibHoro" cmenuanucra —
3TO TPETHH 3TAIl Pa3BUTHS CEKpeTHOM Tesedonnn. OCHOB-
HOHM KocTsiIKk MapduHCKoil JabopaToOpuu cocTapisija ObIB-
mas Jyiabopatopusi B.A. KortenbHukoBa, koTOpas mocie

JBaxabl naypeat CrajamHckoit npemun 1-it crenenu (I'ocygapcTBeHHOM
npemun) (1946 r.).

BO3BpAIllEHUs U3 9BaKyaluu ObLIa mepegaHa B MOAYMHEHHE
HKBJ] CCCP. Kaaues Takxe paboran y KorenbHukosa,
HO 710 BoWHbI. CaM Brnagumup AJiekCaHIpOBUY K MOMEHTY
co3mgannss Map¢uHCKOH JabopaTopuyl yxke BepHyJcS Ha
paboty B MDOU.

B 1947 r. MunucrepctBoM BHyTpeHHUX aeil (MB/I) u
MuHucTepcTBOM TocynapcTBeHHor OezomacHoctu (MI'B)
CCCP 0bu10 TIpHHATO pelieHue o cozganuu CrienuaabHOR
naGopatopud Mg pa3pabOTKH ammapaTypbl "aGCcoMIOTHO
croiikoro" 3acekpeunBaHus TeJePOHHBIX IEPErOBOPOB Mpa-
BHUTEJIbCTBEHHOU BbIcOKOoYacTOTHOU (BY) cBsizu. Yunrtsias
0COOyH0 BaXXKHOCTb 3ajiay JabopaTOpuu, K PYKOBOJICTBY
PELLNIIN TPUBJICYDb BHIIAIOIIET OCS YI€HOT' 0, BUTHOTO CIIEIIHA-
ymcta B 3Toi obnactu. KoTeapbHHKOB OOOCHOBAHHO CUU-
TaJICSl OCHOBOIIOJIOKHUKOM CeKpeTHO Testedonnu [11, 18].

Opnaxael (B 1947 r.) B.A. KoTenbHUKOB OBLI BBI3BaH
K MUHHCTPY TocyaapcrBeHHoit Oe3zomacHoctu CCCP
B.C. AGakymoBy. Pa3roBop nmpoxoaus B 04eHb BEXJIMBOM U
YBaXHUTEILHOM TOHe. PacckazaB o cozmanuu CrienuajibHOR
nabopatopuu, AOGaKyMOB TpeIoXuI Brammvupy Ajsek-
CaH/IPOBUYY BO3IJIABUTH ee. TOT oTkazascs. MUHACTD ObLI
OuYeHb yauBJicH. [T0-BUIUMOMY, OH HE TPUBBIK MOJIYYaTh
otka3s. Ero "mpemioxenune" oObMHO O3HAYasIo mpuka3. OH
TMIOUHTEPECOBAJICA NPUYNHON Hecorynacus. KoTelbHHKOB
CIIOKOMHO OOBSCHHII, YTO XOUET 3aHMMAThCS Haykoil. Aba-
KYMOB TONBITAJICS YTOBOPUTH HECTOBOPYMBOTO YYEHOTO,
rmoo6emas MHOXecTBO Osiar u npusmieruii. Ho Biagumup
AJtekcaHIpoBUY ocTaBajicss HenpekiIoHHbIM. "Hy, uTo %, a
KaJb ..." — 3aKJIFOYMII MUHUCTP, U OHU PACIIPOLIAJINCE.

Bosepamasice 8 MOU, KoTenbHUKOB 00/1yMBIBAI CJIO-
JKHUBIITYIOCS] CHTYAIUIO M TO, Y€M ISl HETO MOXKET 00epHYThb-
cs19710 "Hy, uTO %...". B HHCTUTYTE OH Cpa3y MOLIEN K PEKTOPY
B.A. T'onyOnoBoii u pacckasait o Busute B MI'b. Bricymas,
OHa CIIpocuJIa, Yero XoueT cam Bragumup AnexcanapoBuu.
Otser 6bur: "PaGorars B MDU". "Torma mpomospkaiire
CIIOKOIiHO paboTaTh", — ckazana Banepus AnekceesHa.

Ot Crencexkropa 10 Oco00ro KOHCTPYKTOPCKOro 010po
(OKB) MDW. Coznas kadenpy OPT, Bramumup AJekcan-
JIPOBUY OOBEAMHUI BOKPYT CeOsl KOJJICKTUB TAJAHTJIUBBIX
YUYCHBIX ¥ HHXeHepOB. B 1944 — 1947 rr. onu pa3zpabaTsiBain
TEJIEMETPUUECKYIO ammaparypy IJsl CaMOJIETOB, KOTopas
TOJIyYHJIa BBICOKYIO OlleHKY. B 1947 1. Hawamach 3axBaThI-
Baromasi pabota B pamMkax PakeTHO-KOCMHYECKOW Mpo-
IPaMMBbI CTPaHbI, B KOTOPYIO aKTUBHO BKJIrOUMJICS 1 MDU.
ITo mocTaHOBJIEHUIO NMpaBUTEILCTBA ObLT co3gaH CekTop
crienuaibHbIX padoT s BeimojiHenuss HUP B mHTepecax
peakTuBHOTO BoOpyx)eHus (Creucektop). OcHoBy Criericek-
TOpa COCTABMJI CYINECTBEHHO PACIIUPEHHBIA KOJUICKTUB
xadenpsr OPT. B oueHb KOPOTKUIL CPOK OH CTaJl OJHOU W3
BEAYIIUX OPraHU3alUi PAKEeTHO-KOCMHYECKOW OTpaciu U
BriocjencTeun noJryuus HazBanne OKBb MOU. Bosrnasun
ero B.A. KotenbaukoB. [lom ero pykoBOJACTBOM ObLIn
OCYILIECTBJIEHBI KDPYIHBbIE HAYYHO-HCCIEAOBATENbCKAE U
OTIBITHO-KOHCTPYKTOPCKUE PAOOTHI MO CO3JAHHIO Pao-
TEXHUYECKAX CHCTEM WM KOMIUJIEKCOB IJisi OYpHO pa3BUBAB-
LIeCcsl paKeTHO-KOCMHUYECKOH oTpaciu. 3avacTyro Crencek-
TOp Opasics 3a Te 3aJa4u, C KOTOPBIME HE CIIPABJISLIIACH MU
OT KOTOPBIX OTKa3bIBaJIaCh MpOMBIIIIeHHOCTh. Kak [as-
Hblii KOHCTpYKTOp CrernicekTopa KOTEeTbHUKOB BXOAHMI B
MeXBeToMCTBeHHBIN COBET TJIABHBIX KOHCTPYKTOPOB, KOTO-
peiit Bosruasisul C.I1. Koposes. IlpucyrcrBue Beex Iya-
HBIX OBLJIO HEMPEMEHHBIM YCIOBHEM KaXIOTO HCHBITAHUS
CHCTEM U YK TeM 06oJiee BeeX MycKoB — "uTOObI OBLIO ¢ KOrO
CIIPAIMBATH B Cllyuae Kakux-1m6o Henosanok". Korma ere



T. 176, Ne 7]

KOH®EPEHIIMM U CUMIIO3MYMBbI 761

C BBICOTBI aHTEHHBI Jiyullie BuaHO (Measexbu o3epa). CiieBa HampaBo:
B.A. KorenbuukoB, M.B. Kemapir, A.®. BoromoJios.

TOJBKO HauyMHAJIach PakeTHO-KOCMH4YecKasl IporpamMma,
OBIT Ha pakeToapoMax ObLI coBceM He o0ycTpoeH. Kak u
MHOTHE [PYTUe CIEHHMATUCTBI, cOoTpyauuku Croercexropa
JKIUTH B 3€MJISTHKAX, BBIPBITBIX MPSIMO B CTEMH, HEAAIEKO OT
MecTa MPOBEICHNs UCTIBITAHUH. PyKoBOJICTBO pa3mernaiym B
"Gostee koMpopTabebHOM" HOMEIIEHHA — B KaKOM-TO
JIOMUKE, PACIOJIOKCHHOM Y JKEJIC3HOIOPOKHON CTaHINH
Kamyctun Sp, u B Baronax cTosBIiero B Tynuke moe3ga. Ha
MOJIUTOH WX IPUBO3MIM HA MalimHax. Bramumup AsekcaH-
JIPOBUY IPENNOYUTA XUTh B 3eMJIsAHKE "co cBoumu", u
KOTJa eMy TIpeIaraid MOCeIUThCs B "HAYaIbCTBEHHBIX all-
napramenTtax", ormyunsasics: "CIHUIIKOM JajIeKO €3IUTh 10
paGorel". Ilycku OblBaiu B pa3Hoe BpeMs rojga — B
CTPAIHYIO Xapy, B T0XK(b, X0J0/ U cHer... Ho HecMoTpst Ha
TPYIHOCTH Bce paboTaM C OTPOMHBIM 3HTY3Ha3MoM. OHO-
BpeMeHHO Biagumup Ajexcanmposud OblT mekanoM PTO,
npojospkall paborath Ha kadenpe OPT, sBissce ee 3aBe-
JTYFOLLIMM, U YUTAJT JICKIIUH.

B.A. KorenbaukoB Bo3rnasisit Crericekrop o 1955 r.,
nepeas 3aTeM "Opaspl npaBiieHus’ B pyKH CBOETO TaJIaHT-
smBoro yueHnka A.®. boromosiosa (Oy1ymiero akageMuka).
OmHako ero cBsizb co CHeNceKTOpOM, KOTOPBIA OBLT Tepe-
umenoBad B OKb MBMU, ne npepriBanacs. B 1983 —-1984 rr.
00e opraHuzalyu, Co3JaHHble Biamumupom AjekcaHapo-
BuueMm, PO AH CCCP u OKBb M3MU, ycnemno paboTaim
"pyka 06 pyky" B Xxome BCEro mpouecca MOATOTOBKU U

MPOBEJCHUS TPUAYMAHHOTO M PYKOBOJMMOTO UM BBIJAIO-
LIETrocsl MPOeKTa paauokapTorpadupoBaHusl HOBEPXHOCTU
Benepbl. DKCHEpUMEHT TMPOIIE YCIENIHO. Pe3yabTaThbl
OBLITN MOJTYYeHBl YHUKAIbHbIE!

Axkagemuss Hayk CCCP. MHCTHTYT paanoTexXHHMKH H
3JeKTpoHuKkH. B xoHIe nieTa nim Havasie ocenu 1953 r. (Bia-
IUMHUDP AJIEKCAHAPOBUY TOYHO HE 3allOMHUJ) aKaJeMUK
Axcenb MBanosuu bepr npuriacui ero k cede B LlenTpasib-
HBII HAYYHO-MCCIIEAOBATEIHCKAN PATUNOTEXHUUECKUN NHCTH-
tyT (UHUPTH), mupexTopoM KOTOPOTO OH ObLI B TO BPEMSI.
Axcesrb IBaHOBUY pacckasall, YTO MOSBUJIACH HIIESl CO3/IATh
B AkaJeMuu HAayK HMHCTUTYT, KOTOPBIM OBl 3aHMMAJICS
TEOPETUYECKUMH HCCIIEAOBAHMSIMYU U MHXEHEPHBIMH pa3pa-
0oTkaMM B 00JaCTH PAAUOTEXHUKU M IJICKTPOHUKH, U
MOTIPOCHJII IOMOYB B COCTABJICHIH YUPEAUTEIbHBIX TOKYMEH-
TOB. Bragumup AnekcaHAPOBHY ¢ TOTOBHOCTBEO COTJIACHII-
csi. OH oueHb yBaxan Akceyss MBaHoBWua. 3HAKOMBI OHHU
ObUIM OYeHb JaBHO. B mpenBoenHsbie Toabl (1933—-1937 rr.)
Bepr, Oyayun nHavansHukom HUW mMopckoit cBsizu, mpues-
xan B HUMC HKC u BeicTynasn tam ¢ fokiagom. Emy Torma
3aOMHIIICSL MOJIOONW WHXeHep KOTeIbHUKOB, KOTOPBIH
aKTUBHO 3a/aBajl OYeHb I'PAMOTHBIE BOMPOCHI, YTO HA3BI-
Baercst B "Touky". ITocie HOKjIaga OHM elle J0Jro 00Cyx-
Jlally pa3Hble paauoTexHuueckrue npobdaeMsl. [ToroM He pa3
nepecekanuch nyTu AByX "pamuctos". Cpasy mocie BOWHBI
onn BMecTe co3aaBaim Oomectso [TonoBa, cMeHWIN OTMH
npyroro Ha mocty mnpeacegarteis OproOropo OOmecTsa,
paboTtamum B cocTaBe ['OCyTapCTBEHHON KOMUCCHH IO
orieHke pabotsel MapguHckoit 1abopaTopuu U pa3paboTaH-
HOU B Helt anmapatypsl (1950 u 1952 rr.).

ITo Beuepam Brmagumup AJekcaHApOBHY TpHE3XKAT B
LHHWUPTU u B xabunere Bepra "coummsn" HOKyMEHTLL
CamMoMy akaJieMHKy ObLIO He 1O 3TOro. Bckope mpoexTh
COOTBeTCTBYIOIMX [locTaHOBIEHUI M IPYTUX YYpEeaUTEb-
HBIX JOKYMEHTOB HHCTUTYTA, KOTODBIH OBLIO pELIEHO
Ha3BaTh MHCTUTYTOM pagMOTEXHUKH U JIEKTPOHHUKH, OBLIN
MOATOTOBJICHBI, OOCYXICHBI M Om00peHbl. B ceHTsOpe
BBIIIIN Bce cooTBeTcTBYromue [Toctanosnenus, u PO AH
CCCP 651 yupexaeH. JupekTopoM Ha3HAYMIA aKaJeMIKa
A.W. Bepra. Toii e ocenbro B.A. KoTenbHUKOBa PUTJIachT
K cebe akaJleMUK-CeKpeTapb OTIEJICHUS] TEXHHMYECKUX HayK
B.A. Beepenckuii v cooOmmut: "Mbl XOTUM BBIABUHYTH BALILy
KaH/IUIATYPY B akajgeMuku, e Boszpaxaere?" Ilocne Toro,
KaK TOJIyYHJI COTJIache OT yauBJIieHHOTo KoTenpbHHKOBa,
cKasaj, YTO €CJM ero M30epyT, TO OTICJICHHE IUTAHUPYET
OPEIJIOKUTE €My BO3TJIaBUTb MHCTUTYT aBTOMATHKH U
TeJIEMEXaHUKH, B KOTOPOM HUMeEJHCh MPOOIeMBbI ¢ TUPEKTO-
pom. B oktsi6pe 1953 1. B.A. KorenpaukoBa uzbpaim neict-
putesibHbIM wieHoM AH CCCP (MuHYs CTyleHb 4JjieHa-
KoppecrnoHaeHnTa). [IpeAcTaBisuiM ero KaHauaaTypy, Cyas
o BceMy, akanemuku A.U. bepr u b.A. Beenenckuii. (Cam
KoTenbHUKOB B TPEABBIOOPHOW KaMIIAHMM YYaCTUS HE
npunuMai.) Cpasy xe mociie BbIOOpoB Akcenb MBaHOBUY
MIPE/IJIOKIT BHOBh N30pAaHHOMY aKaJIeMUKY 3aHSThCS CO3/1a-
HUEM TOJIBKO 4TO yupexaeHHoro MUPD, cras mepBbiM 3ame-
CTUTEJIEM AupeKTopa. Biamumup AJieKCaHIPOBUY COIJIA-
cwicd. Co3maBath Takoil mHCTUTYT! B HOsi6pe 1953 r.
B.A. KoTenbHUKOB Tiepelies Ha JOJDKHOCTh 3aMECTHTENS
nupektopa VPO, cyiiecTByIoIIero moka Tojabko Ha Oymare,
a B 1954 r. cran ero gupektopoM. (A.U. Bepr yxe B 1953 1.
ObLT Ha3HAuYeH 3amecTuTesieM MUHUCTpa o6oponsl CCCP.)
Axcenb VBaHOBHY OB BEJIMKMM CTPATETOM U CBOM ILTAHbI
10 TIOPBI 10 BpeMeHH nepxall npu cede. I[To3xe oH Kak-TO
BECEJIO 3aMETHIL, YTO C CAaMOT0 Havasa pasrisiaen B Korenb-
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MuTepecusblit nokma.

HUKOBE JUPEKTOpa MHCTUTYTa. M Havyajgachb orpomsas
paboTta 1Mo Co3JaHUIO MHCTUTYTA: TOJ00p KaIpOB, ONpee-
JIeHE€ TEMAaTHUKH WUCCIICJOBAHUM, TMOUCK MOMEIIECHUs s
WHCTUTYTA, €ro OoOYyCTpPOMCTBO, CO3MaHHE KOHCTPYKTOP-
ckoro 6ropo u T.4. B ouens xopotkuii cpok UPD AH CCCP
CTaJl BeAyLIMM HHCTUTYTOM B oOJylacTu paguo(u3uKH,
PaIMOTEXHUKU M DJIEKTPOHUKU HE TOJILKO B HAILIEH cTpaHe,
HO U B MHDE.

Bnagumup AjekcaHApOBHY OB HE TOJIBKO JUPEKTOPOM
WHCTUTYTA, HO U FHULIUATOPOM, PyKOBOIUTEJIEM 1 HETIOCPEI-
CTBEHHBIM HCIIOJIHUTEJIEM MHOI'MX BBIJAOIIUXCS HAYYHO-
TEXHUYECKUX IPOEKTOB, B Pe3yJIbTaTe NIPOBEACHUS KOTOPHIX
OBLITH TOJTY4eHBI YHUKATbHBIC HAYYHBIE Pe3yIbTATHL. Bee, kTo
pabotan ¢ Biagumupom AjiekcaHIpOBHYEM, OTMEYAIH, YTO
OH 00J1a/1aJT UCKJIFOUUTEIHHOM 3pyAUINEH, HAYYHOH UHTYH-
[Ue, yMEHUEM NIPOHUKATE B CYTh NPOOJIEMBI U "Uy10BHIII-
HOIi pabOTOCIIOCOOHOCTBIO" .

Ha momenT u3bpanus Bnagumupa AJiekcaHIpoBUYA
nerictButenbHbIM wiieHoM AH CCCP u mavana co3gaHus
HPD emy ucnonnuiock 45 ner. Brnepean Obun emie 51 rox
AKTUBHOM U YCHEIIHOW TBOPYECKOU KU3HMU.
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PACS numbers: 84.40.-x, 89.70.+¢
Ipuioxenue
BCECOIX3HbIN SHEPTETUYECKNIM KOMUTET

Marepuais! k I Bcecoroznomy cbesny
10 BOTIPOCAM TE€XHMYECKON PEKOHCTPYKIMU
JieJ1a CBSI3U U Pa3BUTHS CJIA00TOUYHOM
MIPOMBIIIIEHHOCTH.
MO0 PAANOCEKLIUN

O nponycknoii cnocoonoctu "3¢pupa”
H IIPOBOJIOKH B DJIEKTPOCBSI3H *

Nux. B.A. KoreJibHUKOB

Kak B paquo-, Tak ¥ B IPOBOJIOYHON TEXHUKE IS KaX IO
nepenaun TpedyeTcs He OJTHA Kakasi-IMG0 YacToTa, a MBI
JIMANIA30H 4aCTOT. DTO BT K TOMY, YTO OJHOBPEMEHHO
MOXeT paboTaTh JIMIIb OrPAHUYEHHOE KOJMYECTBO PaIUO-
cTaHuil (mepegarolux pasHble nmporpamMmel). [1o omHOU
mape MpoOBOJIOB TAKXe HeEJb3sl TEPeaBaTh cpa3y OoJibIiie
OIIPeIEJICHHOT O KOJIMYECTBA MIEPEe/Iay, TAK KaK HeJb3sI, YUTOOBI
[0JI0Ca YacCTOT OJHOW MepeJavyd MepeKphIBasia MOJIOCY
JIPYrOil, — TAKOE€ MEPEKPBbITHE MPHUBEIO Obl K B3aUMHBIM
HOMEXaM.

YT0ObI yBEIUYATH IPOMYCKHYIO CriocoOHocTh "adupa” u
MIPOBOJIOKHU (& 3TO UMEJIO GBI KOJIOCCATBHOE TPAKTHIECKOE
3HAYEHHUE, B OCOOEHHOCTH B CBSI3U C OYPHBIM pa3BUTHEM
PAIMOTEXHUKM M TAKUX MEPenad, Kak TEJEBUIEHHE), HYKHO

* Cratbst 1933 1. BOCHPOU3BOOUTCS MO U3IAHUIO, OCYIIECTBICHHOMY K
70-neturo Teopems! KorenbHukoBa u 95-meturo Bragumupa Anexcan-
nposuva KortenbHukoBa MHCTUTYTOM paJUMOTEXHUKUM U 3JIEKTPOHUKHI
MockoBckoro sHepreTndeckoro uaerutyra (MOU) (TexHuveckoro yHu-
Bepcuteta) B 2003 r. moa pykoBojacTBoM jgupekropa PO MDU (TVY)
H.H. YnanoBa, ¢ He3HAYMTEIbHBIMUA H3MEHEHHSIMHU: 3aMUCh (GopMyJ
naHa B popMmaTe, IpUHATOM B Y@ H, MOCTpaHHYHASI HyMEPAIHs CHOCOK
3aMeHeHa CIUIOIIHOM, opdorpadust U CHHTaKCHC MPUBEEHBI B COOT-
BETCTBHE C COBPEMEHHBIMU HOpMaMU. CTHIIb aBTOPA COXPaHEH.
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KaK-TO COKPAaTHUTb JHANa30H YacTOT, TPeOYyeMblil [Isl TaH-
HOU mepeaayu, He Bpe/is ee KaueCTBY, UJIM U300pecTu crocod
pasmesieHus mepenad He MO YaCTOTHOMY HPU3HAKY, KaK 3TO
JeNanoch 0 CUX TIOP, a 10 KAKOMY-HHOYIb gpyromy |

ITo wHacrosiimee BpeMsi HUKAKWE YXUINPSHUS B ITUX
HANPABJICHUSIX HE MO3BOJISUIM, JAXE TEOPETUYECKH, YBEIU-
YUTh HPOIYCKHYIO CIOCOOHOCTHL "adupa" ¥ mMpoBOJIOKH B
GOJIBIIEH CTEMEeHN, YeM 3TO MO3BOJIIET CAEIAaTh Iepeaada
"Ha onHONI 60KOBOI mooCe".

[TosTOMY BO3HHKAET BOIPOC: BO3MOXHO JI BOOOIIE 3TO
caenath? VImu sxe BCe MOMBITKY B 3TOM HANpaBJICHUU OYAYT
PaBHOCUJIbHBI TMOMBITKAM MOCTPOUTH perpetuum mobile?

DTOT BONPOC B HACTOSIIEC BpEeMs MMEET aKTyajbHOE
3HAYCHHWE B DPAJAMOTEXHUKE BBHUIY C KAXIbIM TOJIOM BCE
yBearuuBaroweics "recaotrl B a¢upe". U ceiiuac ocobeHHo
BAXXHO B HEM pa3o0paThCsl B CBS3U C IUJIAHUPOBAHUEM
HAYYHO-HCCIICIOBATEIILCKUX pAabOT, TaK KaK IPH IJIAHUPOBa-
HUM BaXHO 3HATH, YTO BO3MOXHO M 9YTO COBEPIICHHO
HEBO3MOJXHO C/IEJIaTh, YTOOBI HANPABUTH CHJIBI B HYKHOM
HATPaBJICHUM.

B macrosme#i pabote paszbupaercss 3TOT BOIPOC H
JTOKa3bIBACTCS, YTO IS TEJICBUICHUS U TIepeIaud H300paxe-
HHIi CO BCEMH TOJIYTCHSIMH, a TaKXke IS TeeOHHOIT mepe-
JTAYH CYIIECTBYET BIIOJIHE OIIPE/ICJICHHA S, MUHIMAIbHO HEO0-
XOJMMasi MO0JIOCA YacTOT, KOTOPYIO, HE BpeIsl KaueCTBY
Tepeauu ¥ CKOPOCTH, HEJIh3sI HUKAKUMHU CPEJICTBAMH YMEHb-
IIUTH; & TAKXKE JOKA3BIBAETCS, UTO JIJISI ITHX Tlepeiay Hellb3s
YBEJIMYUTH MPOMYCKHYIO CIOCOOHOCTH HU 3(upa, HU MPOBO-
JIOKH ITyTeM IPUMEHEHHUSI PA3HOTO POJIa HEYACTOTHBIX CeJIeK-
[N WK JPYTUX KaKUX-T00 crtocoO0B (UCKITrOUasi, KOHEYHO,
CEJIEKIIMIO TI0 HAMPABJICHUIO MPH IOMOIIM HAMPABJICHHBIX
aHTeHH). MakCHMaJIbHO BO3MOXHASI MTPOITYCKHASI CITIOCOOHO-
CTb JUISl 3TUX Tepeady MOXKET ObITh MOJIyUeHA MPH Mepeaaie
"Ha omHON 60KOBOM moJtoce", 1 OHA SABJISETCS B HACTOSILIEE
BpEMsi IPUHIUIIAATIBHO BIIOJIHE TOCTUXKUAMOIA.

JIJ1s TaKMX Ke Tiepead, Kak Teserpadust i xe nepeaada
M300pakeHNd W TeJleBUAEHNST Oe3 TMOJyTeHed W T.N., B
KOTOPBIX TIepeIaBacMbIil 00BEKT MOXKET MEHSITHCS He HeTpe-
PBIBHO, a IPHHUMASI JIMIIb ONPECIICHHbIC, HATIEPE ] H3BECT-
HbIC 3HAYCHUS, OKA3BIBACTCS, YTO HEOOXOoAMMAsl I HUX
M0JIOCA YACTOT MOXKET OBITh YMEHBIIIEHA BO CKOJIBKO YT'OTHO
pas, He Bpe/sl HU KauecTBY Mepeavd, HU CKOPOCTH, 3a CUET
YBEJIMYCHUS] MOITHOCTH M YCJIOKHEHHs anmapatypbl. OnuH
U3 METOJOB TaKOr'0 yMEHBIICHHUS IOJIOCHI 4aCTOT YKa3bl-
BaeTCsl B 3TOH paboTe M MOKa3bIBACTCS, KAKOE YBEIMYCHHE
MOIIHOCTH [IJIs1 3TOT0 HEOOXOqUMO.

Taxum oOpa3om, pesesta st IPOIYCKHOM CTOCOOHOCTH
"3¢upa" ¥ IPOBOJIOKM IS IEpeaay TAKOTO BUA TEOPETHU-
YeCKH HE MMEETCs, JIEJIO JIUIIb B TEXHUUYECKOM BBITIOJTHCHUY.

Jloka3zaTeabCTBO 3THX TOJIOKEHHA B 3TOH pabote
BE/ICTCsl BHE 3aBHCHMOCTH OT METOJIA MepeIadyy Ha OCHOBA-
HUH CJICTYFOIIET0: BO BCEX BUAAX 3JIEKTPOCBSI3H MEPEIATIUK
MOJXET TepeaBaTh, a MPHEMHUK TPUHAMATH JIUIIb HEKOTO-
pyro QYHKIMIO BPEMEHHU, KOTOPAsi HE MOXET OBITh BIIOJIHE
MPOU3BOJILHOM, TAK KaK YACTOTBI, U3 KOTOPBIX OHA COCTOUT U
Ha KOTOPbIE OHA MOXET OBbITh Pa3JI0kKEHA, HOJDKHBI 3aKJIFO-
4aThCs B OINpPEIENICHHBIX mOpejaeiax. Ilpu pamuomnepenate
Takoi (yHKIMEH SIBJISETCS CHJIa TOKa B Tepeaaroiei
AHTEHHE, KOTOpasi W BOCIPHUHAMAETCS MPUEMHHUKOM OoJiee
WM MEHee TOYHO; TIPU MTPOBOJIOYHOM e mepeaaye 3To OyneT

370, mpaBa, MOKHO CIEIATh HHOTIa HAMPABJICHHBIMA AHTEHHAMH, HO
MBI ceifqac OyaeM JIMIIb PACCMATPHBATH CIIydail, KOr1a aHTEHHAMH 3TO
CZIeJIaTh MTOYEMY-JIHOO0 HeNIb3sl.

3JIEKTPOABIDKYILASI CUJIa B HavaJle JJMHUM. B o6oux ciydasx
nepegaBaeMble GYHKIMK OyIyT COCTOATH U3 4aCTOT OTPaHU-
YEeHHOT'0 JMana3oHa, TaKk KaK, BO-TIEPBBIX, OYEHb BBICOKHE U
OYeHb HHU3KHE 4YacTOTBI HE MOWIyT MO0 NpPHEMHHKA IO
YCIIOBUSIM PACIPOCTPAHEHHUS, H, BO-BTOPBIX, YACTOTHI, BBIXO-
JAUe 3a Hpelesibl ONPeleeHHOro Y3KOro auamna3oHa,
OOBIYHO HAPOYHO YHUUYTOXKAIOTCS, YTOOBI HE MeELIaTh JIpy-
UM TIepeJavdaM.

DTa HEOOXOIUMOCTH MEePeIABATh MPU MOMOIIH (YHKITHIA
BpEMEHH, COCTOSIIINX U3 OTPAHNYEHHOT O IMANa30Ha YacToT,
yKe MPUBOJUT, KaK 3TO OyJIeT HWKE MOKa3aHO, K BIIOJIHE
ONpeACSICHHOMY OTPAHHUYEHHUIO IPOIYCKHOM CIIOCOOHOCTH.

Jna npoka3aTelbCTBAa BBICKA3aHHBIX IOJIOKEHUN 3aid-
MeMCsl u3yueHHeM (YHKIIMH, COCTOSIINX U3 OMPEAETICHHOTO
JIana3zoHa 4YacToT.

OyHKnmH, cocTosue U3 4acTot ot 0 10 fi
Teopema 1. JTro0yro dyHKIHEO F (1), COCTOSIIYFO U3 YaCTOT OT
0 10 f] MEPHOIOB B CEKYH/TY, MOXHO TIPEJICTABUTH PSIIOM

X sino [t —k/(211)]
F(t) = D : , 1
0 =22 "7 g
rae k — menoe 4ucio; w; = 2nf;; Dy — TNOCTOSIHHBIE,

3apucsime ot F(7).

W nHaobopot, mrobas dynkumst F(f), mpencraBiieHHas
psanom (1), cocTouT mib U3 4actot ot 0 10 f] MepuoaoB B
CEeKYHIY.

Jokazareancrso. JIrobas Gyukius F (), y1oBIeTBOPsIrOIIas
yciaoBusiM lupuxiie (KOHEYHOE YUCIO MaKCUMYMOB, MUHU-
MYMOB H TOYEK pa3pbiBa Ha JIOOOM KOHEYHOM OTPE3Ke) W
HHTETpUpyeMas B Mpeaesiax oT —oo 0 +00, YTO BCeraa B
JJIEKTPOTEXHUKE UMEET MECTO, MOXKET OBITh MPEICTABIICHA
unTerpajom dypne >3

F@:J

0

o0 o0

C(w)coswtdw + J S (w)sinwtdw, (2)

0
T.€. KaK CyMMa GECKOHEYHOTO KOJIMYECTBA CUHYCOUAAIbHBIX
KojebaHuil ¢ yactotamu oT 0 40 o0 M aMIUIUTYIAMH
C(w)dowu S (w)dw, 3aBucsiuMu oT 4acToThL. [Tpudem

1+oo
c@»:EJ F (1) coswrd,

—00

F(¢)sinwtdz.

[ e

—00

B Hamem cityuae, koraa F (f) COCTOUT JINIIB U3 YACTOT OT
0 10 f1, OYEBHIHO

C(w)=0,
S(w)=0
pu

w>w =2nf,

u nodtomy F(f) MoxeT ObITh HpeIcTaBjieHA COIJIACHO
ypaBHEeHHO (2) Tak:

F(1) :J

0

o oN]

C(w)coswtdw +J S (w)sinwtdw . (4)
0

2 Cm., nanipumep, CmupHoB Kypc evicueti mamemamuru 1. 11, uzn. 1931 1.,
ctp. 427.

3 B masbHERIEM MbI TAKXKE PACCMATPUBAEM TOJILKO (DYHKIMH, YIOBIIE-
TBOPSIOLIHE YCI0BUSIM [{upuxie.
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Oyuknun ke C(w) u S(w), Kak U BCIKHE IpYyrue, Ha
y4acTke

0<w<w

MOTYT OBITH IIPEJCTaBJICHBI Beeraa psaamu Oypbe, npudem
9TU PSABI MOTYT, IO HAIIEMY JKEJIaHUIO, COCTOSITh U3 OJHUX
KOCHHYCOB UJIM OJTHUX CUHYCOB, €CJIM MBI BO3bMEM 34 IEPHOT
JIBOMHYIO JUTMHY yUacTKa, T.e. 2 *. Takum obpazom:

> 2n
C = A — ki 5
(w) ; % COS 001 w (5a)
u
o 2n
S = B sin — ko . 56
(@) EO: sin 5 - ko (56)
Beenmem criemyroniue 0603HaYEHNUS:
Ay + By
Dy = % ,
b A By (6)
—k = 2 5

toraa ¢popmyisl (5a) u (56) MOXHO nepenucaTh Tak:
+0o0
T
C = Dy —k
(o) Ex i COS o ,

+00 T (7)
S(w) = Dysin o ko.

IMoacrasinss teneps Boipaxenus (7) B popmyity (4), Mbl
MOCJIe HEKOTOPBIX MPeoOpa30BaHMIA U UHTETPUPOBAHUS (CM.
npmwioxenne 1) mosyumm ypaBHenwe (1), T.e. JOKaxem
MEPBYIO YaCTh TeOpeMbl 1.

715 moka3aTebcTBa BTOPOI YaCTH TEOPEMBI PACCMOT-
pUM dYacTHBIA ciywait F(f), Korga CHEKTp 4YacToT, W3
KOTOPOI'O OHa COCTOHT, 3aKJIFOUCH B mpenenax ot 0 1o fj u
BEIpaXkaeTcsi ypaBHeHUsIMA (7), B KOTOPBIX Bce Dy, Kpome
onHOro, pasHbl Hymto. Takas F (), oueBumHO, Oyner
COCTOSITh M3 OHOTO wieHa psna (1). 3naunt, 1 HA060POT:
eciu F (1) cocTout u3 oaHOrO, Jitoboro wiena psaa (1), To
BECh €€ CIICKTP 3aKJIroueH B pesesax ot 0 1o f;. A moatomy u
CyMMa U3 JIFOOBIX OT/AEIBbHBIX wWIeHOB psina (1), T.e. cam psin
(1), OyieT cocTosATh U3 YaCTOT, 3aKIFOUEHHBIX B IPEIEIaX OT
0 10 f1, uTO ¥ TpeOOBAJIOCH JOKA3ATh.

Bce unennl psima (1) mogoOHBI M OTJIMYAKOTCS JIMIIb
CABHIOM IO BpeMEHM U MHOXuTenassMu Dy. OmuH u3
4JICHOB, UMEIOIIMIA MHIeKC k, m300paxxkeH Ha puc. 1, oH

Dy

Dkw]

k/2f

Puc. 1

4 CMm. CmupHuos Kype svicuieit mamemamuxu 1. 11, uzg. 1931 1., crp. 385.

UMeeT MakcumMyM mpu ¢ = k/(2f]) ¥ TMOCTENEHHO yMEHb-
HIAFONIYFOCS AMILTATYLY B 0O€ CTOPOHBI.

Teopema I1. JTIro0yro ¢yukiuro F(f), COCTOSIIYIO U3 YaCTOT
or 0 10 fi, MOXHO HENPEPBIBHO MepeaaBaTh ¢ JIr000M
TOYHOCTBIO NPHU MOMOILIU YHUCEJ, CICAYIOIMUX APYr 3a
napyrom uepe3 1/(2f)) cexkyna. JIeWCTBUTENBHO, U3MEpPSs
Besimunny F(¢) npu ¢ =n/(2f1) (n — 1ej0€e 4YHUCII0), MBI
TIOJTYYUM:

F(%) — Dy . (8)

Tax xak Bce wienbl psiga (1) s 3TOro 3HAYCHUS !
obparraroTcs B HyJIM, KpoMe WieHa ¢ k = 1, KOTOPBIHA, Kak
9TO JIETKO MOXHO MOJIYYNTh, PACKPBIBIIM HEOIpeaesIeH-
HOCTb, OyneT paBHsTbCS D, ;. Takum oOpa3om, uepes
Kaxayro 1/(2f1)-10 ceKyHIy MBI CMOXEM y3HABATDH OYEPE/l-
Hoe Dj. IlepemaBas »tu Dj; 1o ouepeam depe3 KaxIble
1/(2f1) cexyHm, MBI CMOXEM IO HUM COTJIACHO YPABHEHUIO
(1) mo4sIeHHO BOCCTAHOBUTD F (1) C 1000 TOYHOCTBIO.

Teopema III. MoXHO HENPEPHIBHO U PABHOMEPHO MeEpe-
JlaBaTh MPOU3BOJIbHBIE Yucia Dy cO CKOPOCThIO N vmcels B
CeKyH/ly npu oMoiuy QyHkuuu F (), nmerowieit ciaraeMble
Ha yacToTax 60JbiuxX f; = N/2 CKOJIb yTOAHO MaJIbIMH.

HeiicTBATEIbHO, OYJEM IO MOJIYYEHUIO KaXIOTO YUCIIa
cTpouth GyHkuuio Fi () Takyro, 94To

npu t<§—T Fi(t)=0,
1
k k
pu z—flfT<t<E+T
- osinwg (1 —k/(21))
Fk(l)—Dk l—k/(2f1) 5 (9)
npu t>2—l;.1—|—T Fi(t)=0,

U nepeaaBath ux cymmy F (1), Ecium 61 T = oo, TO MOITy4eH-
Hast (ynkiwms F () cocrosia Obl HCKIFOYUTEIBHO U3 YaCTOT
MEHBIIMX f], TAK KaK Mbl OJIy4niu Obl TOraa psa (1), Ho, K
COXAJICHHIO, Takue OeCKOHEYHBbIE PANbl YJIEHOB CTPOUTH
HEBO3MOXHO, TO3TOMY OyJIeM OTPaHUYNBATHCS KOHESUHBIMH
T. Hoxaxem, 4To uyeM Oousbiie 7, TeM aMIUIUTY/Ibl Ha
qacTtoTax f > f] OyIyT CTAaHOBUTHLCS MEHBIIIE U MOTYT OBITH
clleJlaHbl CKOJb YrOJHO MaJjbIMu. s 3TOoro Haiinem
amumtyasl C (o) u S (o) as Gysakuun (9) noacTaHoBKOI
ee B ypaBHeHue (3). [Toyumm:

1 (KT sine (1 —k/(21))
Clo)=— J‘k/(zf.)—T ke wtdt,
(10)
S(o 1 Jk/(qu)+TDk sinwl(t—k/(‘Qfl)) sinords.
T Jjep)-1 t—k/(2f)

IMocne unTerpupoBanus (cMm. npuiioxenue II) Oymem
HMETh

C(w) :%cosw§[SiT(w+w]) =SiT(w—w)],
N
i (11)
S (w) :% sinwﬁ[SiT(a)+w1) =SiT(w—w)].
i
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/2

2n

Puc. 2.

B aTom BeIpaxeHnn Si 0603HaYaeT MHTET PaJIbHBINA CHHYC, T.€.
(yHKIHIO

.
Six:J S 4y
oy

(12)

3HavyeHus] 3TOW (YHKIMU BBIYUCIEHBI U HMEIOTCS B
Ta6aunax °, Ha puc. 2 oHa n3006pakeHa rpaduuecK.

Kax BuaHO U3 pucyHka, Six npu X — 00 CTPEeMHUTCS K
+m/2.

PaccmoTpuM 3HaueHHE KBAJIpATHOW CKOOKHM B BBIpaxke-
uu (11). Ha pucynke 3a taHo rpaduyeckoe n300paxeHue ee

w

w
Puc. 3.

5 Cwm., nanpumep, E. Jahuke und F. Emde Funktionentafeln mit Formeln
und Kurvern.

upu T =3/(2f1), na puc. 36 — npu T = 6/(2 f1), Ha puc. 3B
—upu T = 24/(2f1) una puc. 3r — npu T = occ.

Kak BUAHO W3 3THUX PUCYHKOB, KBaJpaTHas CKOOKa B
Boipaxkennu (11) ¢ yBenmuennem T cTpeMHTCS K Ipeaesiam
puc. 3r, T.€.

mpg  w>w [ |=0,
[]=n

]

DTO Takke BHIHO W HEMOCPEJCTBEHHO W3 BBIPAXKCHUS
(11), Tax xak mpu yBeJuueHUU T YBEIUUUBACTCS KaK Obl
MacmTab npu o u Si 1e1aeTcsi OYeHb OBICTPO 3aTYXAOIIUM.

Takum oOpaszoMm, moay4deHHast cymma u3 Fi(f) Oymer
AMeTh AMIUIMTYABl Ha 4YacToTax f > f; CKOJb YromaHo
MaJIbIMHU, €CJIN B3SITh 1 IOCTATOYHO OOJIBIIIUM.

ITo npunsiToit GhyHKIMHU F () JIErko BOCCTAHOBHUTD Iepe-
naBaemble uucia Dy. Tak xak npu ¢ =n/(2f)) Bce wieHb
pPABHBI HYJIIO 32 MCKJIIOYEHUEM 4JIEHA, 1JIS KOTOporo k = n,
nocnequuit xxe pased D, @. [Toatomy

n
F(R) =D,w.

Takum 06pa3oM, Mbl U3 Hallel (GyHKIUH, U3Mepsist ee
3HaueHue npu ¢ = k/(2f1), OyaeM B COCTOSIHMU MOJIYYHTh
yepe3 Kaxayro ¢t = 1/(2f)-10 cexynay 3Hauenue HoBoro Dy,
B CEKYH/Ty e moJiyunM N = 2 f] nepeiaBaeMbIX YUCEIT, 9TO U
TpeGOBaJIOCh JOKA3ATh.

nmpu o < o

DyHKINH, COCTOSIIME H3 YaCTOT OT f1 110 f>
JoxaxxeM Teopemy.

Teopema IV. JTro6ast dpynkuus F (1), cOCTOSIIAS U3 YACTOT OT
f1 10 f>, MOXeT OBITH IIPEJCTABJICHA TAK:

Wy + W Wy + W

F(t) = Fi(t) cos t—&-Fz(t)sinTt, (13)
e o) = 2nf1, oy =2nfs, a Fi(¢) u Fo(f) ecTb HEKOTOpBIE
¢byskuu, cocrosime u3 yactotr ot 0 o f= (o, —f1)/2. 1
Hao6opor: ecinu B ypaBuenuu (13) Fy (1) u F>(t) ectb jr00bIe
Gbyukimm, cocrosme u3 yactot ot 0 go f= (f2 — f1)/2, TO
F(t) cocTouT u3 4acToT oT f] A0 f>.

Eciau F () cocToMT Juillb M3 4acTOT OT fi 1O f2, To,
ouesnHo, C(w) u S (w) ms Takoit GpyHKIUK MOTYT OBITH
[IPE/ICTABJICHBI TAK:

Clw)=S(w)=0 mpu o >w, wm o <o,

C(w):ZAk cos
0

nk

2((,02 —wl) (C!)*(U])

I " npu o) <o <o,
. T

S(w)=Y" Bisin 5——— (o —

(o) d % Sin o —on) (0 — )

WJIH, OIISATh BBOAA 0003HaYCHUS

Ak + By
Dy =K1k
k P )
b _ A= B (6)
—k — P )

MBI ITOJIYyYUM

+00 T
C(w) :Zchosmk(w—wl),

+o00 ' T
S((,U) = ZDkSln m k(w - C()l)

npu ow; < o < w;
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Clw)=S(w)=0 mpu w>w, wm o<ow;. (14)

IMoacrasnsisi ypauenus (14) B ypaBHenue (2), MbI
MOJIYYUM TIOCJIE MHTETPUPOBAHUS M HEKOTOPOTO mpeodpa-
3oBaHus (cM. npuiioxenue I11):

- n in(wy, —wy)/2{t — k _
P = [23 0170y, S 0B 2,
7 + W

X COS————
) +

Y sin(wy —w1)/2{t = (k +1/2)/(/2— 1)}
—&-{22(—1) Dyypy 2 t—l(k—l—l/Z)/(fz—fl)2 ! }x

wy + Wy

X smT ,

(15)
i, o0o3HaYast

sin(ws — w1)/2[t = k/(f» = f1)]
t—k/(fa—1) '
(16)

F (l) =2 f(—l)ann

+00
Fa(1) =2 (=1)"Daysr

 sin(@2 = 00)/2[ =(k+1/2)/(f2 =)
(= k+1/2)/( =)

U IPUHUMAsI BO BHUIMaHKE, YTO corjacHo teopeme 1 Fi (1) n
F>(t) MOJIKHBI 005132 TEILHO COCTOSIT U3 CIIEKTPA Y4CTOT OT
0 1o f=(f2 —f1)/2, Tak kak psyast (16) u (17) oTuuarorcst
oT psna (1) muibs 0003HaYeHUEM, MOXHO CUATATDH MEPBYIO
yacTh TeopeMsl IV qokazanHo.

Tak kak psimamu (16) u (17) moxHO, cortacHo Teopeme I,
HpeAcTaBuTh Jo0ble ¢GyHkuuu Fi(f) u F>(f), ecnn oHM
cocrosT u3 yactor ot 0 mo = (f> —f1)/2, u Tak Kak Ha
koo dunuenTsl Dy, BXOAILINE B 9TH PSIbI, HE HAJIOXEHBI
HUKaKHe YCIIOBHS, TO, OYEBHIHO, BEPHA W BTOpAsl 4acThb
TeopeMsl [V.

JoxaxeMm Temepb IBE TEOPEMBI, KOTOpBIE SBIISIFOTCS
06061enuem teopem 11 u I11.

(17)

Teopema V. JIro0yro dynxuuro F(f), COCTOSIIYIO U3 YaCTOT
OT f| A0 f>, MOXHO HENPEPBIBHO MEpeaBaTh C JHOOO0H
TOYHOCTBIO TIPU MOMOIIM YHCENI, MepeaaBacMbIX IPYr 3a
mpyrom uepes 1/[2( /> — f1)] cexynn.

HeiictButenbHho, npu ¢ = k/( f> + f1) (k — 1emnoe 4ucio)
MBI coriacHo ¢opmyite (13) moayuum:

F(ei7) =5 ()
fh+h)  T\ATA )

TaK KakK IMPpU 3TOM 3HAYEHUH / KOCHHYC paBeH 1, a cunyc — 0.
Korma xe t = (k+ 1/2)/(f> + f1), MBI HOTY4UM

k+1/2\ (k+1)2
P(ﬁ+ﬁ)‘5(ﬁ+ﬂ)

10 AHAJIOTHYHBIM COOOPaKEHUSIM.
Takum obpazom, uepe3 kaxaywo 1/(f2 + f1)-10 cekyHay
MBI Oy/1eM B COCTOSIHUY y3HABATB 110 OJHOMY 3HaueHuro F (1)

(18)

u F>(t), 10 3TUM 3HAYEHHUSIM MBI CMOXEM BOCIHPOU3BOIAUTH U
camu dynknun Fi (¢) u F»(¢), Tak kak corstacuo teopeme 11 mo
TaK YacTO CJICAYFOIIMM 9YHCIAM MOXHO BOCIPOH3BOIUTH
¢byakimu, cocrosime w3 wactor or 0 g0 (f2+/1)/2,
Gbynkuun xe Fi (1) u F>(f) cocTosaT b u3 yactot oT 0 10
(f=11)/2.

Kaxayro W3 TMOJIydeHHBIX TakuM oOpa3oM (QyHKIuUi
MOXHO Kak cocrosigyto u3 sactor 0 no (f> —f1)/2 nepe-
JABATh, COTJIACHO Teopeme 11, unciaamu, clieyromumMu Ipyr
3a apyrom uepe3 1/(f> —f1) cekynn, a tu aBe (GyHKIUA
OTHOBPEMEHHO MOXHO MEPelaBaTh, OYCBUIHO, UYHCIAMH,
CIIEAYIOLIMME APYT 3a apyrom uepes 1/[2 (f> — f1)] cexyHn,
10 ITHM YHUCJIAaM BOCCTaHaBiuBas cHavasa F)(¢) u F>(t), Mbl
10 HUM cMosxeM 110 popmyute (13) BocctaHOBUTD M camy F (7).

Teopema VI. M0XHO HENpepbIBHO U paBHOMEPHO NEepe-
JIaBaTh MPOU3BOJIbHBIC YKcia Dy O CKOPOCThEO N Yuces B
ceKyHAy mpu nmomouy GpyHKimu F (f), IMEroLIeit craraeMble
Ha vactoTax f>f, u f<f] CKolnb YyrogHo MajibIMH (T.e.
MPAKTHYECKH UX HE UMEIOIIIEH), eclin

N=2(H-N). (19)
JefcTBUTEIBHO, MBI MOKEM MepeaaBaTh COTJIACHO TEO-
peme 111 N uucesn B cexyH Ty Tpy TOMOLLH ABYX (QyHKImH F) (1)
u F>(f), npuuem kaxpgass OyaeT HMeEThb cjaraeMble Ha
qacToTax BbIe (f> — f1)/2 CKOJIb YTOAHO MAJIBIMH.

DT ke (PYHKIUM MOXHO HENPEpPHIBHO Iepe/1aBaTh
¢bynkuumeit F(f), IMeroLIel cliaraeMple Ha 4acToTax f > fr u
f < fi ckomp yrogHo MajibIMH. JleHCTBUTENBHO, MO (QyHK-
wusiM F (1) u F»(¢) cornacHo ypaBaenuto (13) Mbl mosryaum
F (1), mepenaBasi KOTOPYIO, MbI, KaK YKa3bIBAJOCH BBIIIE,
CMOXEM [0 Hell BoccTaHaBIMBaTh F)(f) u F> (1), a 10 HUM U
HepeiaBaeMble YHCIIa.

Jnst mokazaTenbCTBa MOCTEAHEH TEOpeMbl, B KOTOPOM
OyZeT TOBOPUTBHCS O HEBO3MOXHOCTH MEPEIaBaTh MPH
oMo (HYHKIMK, COCTOSIIECH W3 OrPAHMYEHHOTO JHara-
30Ha 4YacTOT, GECHpPEeAeIbHO MHOTOrO, TOKaXKEM CIIeIyIOo-
LIYIO JIEMMY.

Jlemma. Henp3st mpu momomu M yucen mepenaBaTb N

HpOI/I3BOHbHBIX YHUCCJI, €CJIn
M<N. (20)

ITpeanonoxuM, 4TO 3TO CAEIATH MOXKHO.
Torma, oueBumHo, M uucen my,...,mMy €CTh KaKUE-TO

(l)yHKIII/II/IN‘{I/ICCJI ny,...,ny, T.C.
m; = (/)1(1’11,...7?1]\/),
m2:(p2(n1a"'7nN)7 (21)

my = @p(nn, ..., ny),

¥ MBI, OYEBH/THO, JIOJDKHBI, 3HAS JIMIL M YuCeN my, . . .
1, KOHEYHO, 3Has (QYHKIWH ¢, ..
BUTB 110 HUM YUCIIA N, . .., Ay.

Ho 3to paBHOCMIBHO periennto M ypaBHenuit (21) ¢ N
HEW3BECTHBIMH, YTO C/IEJIATh HEBO3MOXKHO, €CJIN ypaBHEHHI
MEHbIIIEe, YeM HEU3BECTHBIX, T.€. CIIPABEJINBO HEPABEHCTBO

(20).

y My
<y Py, CYMETH BOCCTAHO-

Teopema VII. MoxHO HEPEPHIBHO MEPEAABATH MPOU3BOJIb-
Hble, CIIEAYIOLINE IPYT 3a APYTOM PaBHOMEPHO YHCIA CO
CKOpOCThEO N umcesa B CEeKYHAY U M TPOU3BOJIBLHBIX
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byukiyit Fy (1), ..., Fy(t) ¢ inana3oHamu 9acTOT [IAPUHOM Taxum oOpa3om, HenlpepbIBHAS TesleOHHAs Iepeiaya He
Afy,...,Afy IpU IOMOIIU HETIPEPBIBHO CJICAYIOIINX IPYr3a  MOXET 3aHMMaThb B 3(upe WJIM B TPOBOJIOKE MEHBIIUH
JIPYTOM YHCEJl CO CKOPOCThIo N’ 4mcesl B CEKyH/Iy M NPU  JMAMA30H YACTOT, Y€M [IMPUHA CIEKTPA 3BYKOBBIX Y4ACTOT,
nomomu M’ dynknuit F/(1),...,F;,(f) ¢ nuamazoHamu  TpeOyeMas AJIs JaHHOM epenaun. DTO BEPHO BHE 3aBUCHMO-
qactoT Af{,...,Af},, ecin CTH OT crmocoba Mepefayd, W HeNb3sl BBIIYMATb TAKOrO
y o crocoba, KOTOPBIN MO3BOJIMIT Obl 3aHSITh MPH HENPEPBIBHON

N 22 Afi <N'+ 22 NG (22) nep;ﬂna%ﬁonee y3KHii manazon ‘IaCT’OT.
1 1 AKOH MWHHMATBHBIA CHEKTP HaCTOT, KaK H3BECTHO,
MOXET [IaTh yX€ B HACTOsIIIEe BPeMs Mepefadya Ha OJHON

U 310 HUKAKUM 00PA30M CAETATH HEJIb3SI, ECIIH 60KOBOII TIOJTOCE.

y o Orosopka "npu HempepbIBHOM mepenave’ mmeer GOJIb-
N 2ZAfk N ZZAfk,- (23) [I0€ 3HAUCHHE, TAK KAK MOXHO, MEPEaaBas ¢ Mepepbpamu
- : KaKUe-HUOYb 3BYKH, CKAKEM MY3BIKY, 3aHIMATh MEHbBIIHUI

IlepBast yacTb 3TOH T€OpEMBbI JOKA3bIBAETCSI HA OCHOBA-
Huu TeopeM V u VI

JeicTBUTEIbHO, HA OCHOBAHUU TEOPEMBI V MBI MOXEM
mepenaBaTh HAlmM N 4HCeT B CeKyHAy W M KpPHUBBIX HpH
TTOMOIIY P 4nces B CeKyH/Y, €CITH

M
P=N+2Y Afi. (24)
1

A 3T P 4ucen B CEKYHIY MOXHO OTYACTH IEPEIaBaTh
npu oMol N/ 4rcelt B CEKyHAyY, a 0T9acTH o Teopeme VI
IIpY OMOIIM KPUBBIX F|(?),...,F}, (t), el CHpaBeaMBO
paBeHcTBo (22).

BTopyro 4acTh Teopembl [OKaXeM OT MPOTHBHOIO,
HCXOIS U3 JIEMMBI.

ITycTh HAM HYXKHO Mepe1aBaTh P IPOM3BOJIBHBIX YKCEIT B
CeKyHy, 3T0 1o Teopeme VI MoxHO crenath, nepegasas N
4ucest B ceKyHay u Gynkuumu Fi (1), ..., Fa(f) ¢ tmanazonamMu
qacToT Afi, ..., Afy, €CIIH CIPaBeINBO PABEHCTBO (24).

A 3Tn QyHKIIMM ¥ YuCiIa, ecyid OblIa Obl HECIIPABEIIMBA
BTOpAsl 4aCTh TEOPEMbI, MOXHO OBbLIO OBl TIepeaaBaTh MPHU
nomoun ¢yukmmit F/(z),...,F;,(f) 1 N' 4acen B cekyHTy.
IMocrennue e uncita 1 GyHKIIMHA MOXXHO COTJIACHO TeOpeMe
V nepemaBath Ipu oMoly P’ ducest B CEKyH/Y, €CIIH

M/
P'=N'+2> Af. (25)
1

Jpyrumu cioBaMH, MbI CMOTJIH ObI HEIPEPBIBHO Tepe-
JIaBaTh P 4ucel B CeKyH Iy IPH MOMOIIHU P’ uKces B CEKyHY,
XOTS$l COTJIacCHO paBeHCTBaM (24) u (25) u HepaBeHCTBY (23)

P>P.

Taxum o0pa3oM, MPEArnosioKEHUEe, YTO BTOpasi 4acTh
teopembl VII He BepHa, MPUBOIUT HAC K HEAOIYCTUMOMY,
COTJIACHO JOKA3aHHOM JIeMMe, Pe3yJIbTaTy.

INponycknasi cnoco6HocTh NpH TeJie)OHHOIT Mepegaye
PazroBop, My3bIka u Apyrue 00beKTH TesieOHHOI epeaun
SIBJISIFOTCSI TIPOU3BOJIbHBIMU (DYHKIUSIMU BPEMEHH, COCTOSI-
MMM M3 CIIEKTpa 4YacTOT, LIMPUHA KOTOPOTO BIIOJIHE
omnpenes€HHa U 3aBHCHUT OT TOrO, HACKOJBKO IOJHO MBI
XOTUM TIepeaBaTh 3BYK.

IMepenaBas 9Ty GYHKIHMIO IO TPOBOJIOKE WK IO PAIHO,
MBI TIPEBPAIIAeM €€ B IPYTYIo GYHKIMIO BPEMEHU, KOTOPYIO
coOCTBEHHO Yyxe u nepemaem. I[Ipudyem sTa mnociegHsst
¢dbyskIMs 10JDKHA 00513aTEIBLHO, coTyiacHo Teopeme VII, npu
HEMPEPLIBHOU Tepe/iaue NMETh CIIEKTP YacTOT IITUPUHON He
MEHBIIIEeH, YeM Ta TOJI0Ca 3BYKOBBIX YaCTOT, KOTOPYIO MBI
XOTHM HepeaaTh.

IUana30H YacTOT, YeM LIMPHUHA 3BYKOBOTO CHEKTpPa, KOTO-
PYIO MBI IPH 3TOM Oy1eM MOJTy4aTh. I 3TOro J0CTaTOYHO
3aMKChIBATh TEPEIaBaACMYI0O MY3bIKY CHAadYajla Ha TPAMMO-
(oHHBIC TIACTHHKH, a 3aTeM MepedaBaTh C HUX, Bpalias,
CKa)keM, BJIBO€ MeE/JICHHee, 4eM IpH 3amucu. Toraa Bce
4acTOTHI OYAYT MOJIy4aThCsl BABOE MEHbIIIE HOPMAJILHOTO U
MBI IIPH TIepe1ade CyMeeM 3aHSTh BIIBOE MEHBIIINN TUATIA30H
qacTOT. BoccTaHABIMBATE TaKyrO Mepefavyy MOXHO TaKxke
MOCPEICTBOM rpaMModoHa. SIcHO, 4TO Takas mepenadya He
MOXKET YBEJIMYUTD MPOMYCKHYIO CIIOCOOHOCTH, TaK KaK MpU
neil "a¢up" uam mpoBojioka OyayT 3aHATHI BCE BpeMs, a
nepegaya OyAeT UATH C IePePLIBAMH.

OT0 Takxke He NpoTuBOpeunT u TeopeMe VII, Tak kak Tam
oroBopeno: "mpousBoJibHyro QyHKIm0" U "HenpepbBHO"
HEJb3sl MepefaBaTh, a MPH TaKoil Tmepemaye Mbl MOKEM
nepeaaBaTh WIKA C HepepbIBAMU MPOU3BOJIbHYIO (YHKIIMIO,
uim OecnpepbIBHO (DYHKIIMIO HE COBCEM IPOU3BOJIBHYIO, a
HIMEIOIIYIO YK€ U3BECTHBIE IEPEPHIBHI.

N3 Teopemsr VII takxke ciienyer, 4To HEJIb3sl YBEJIUUUTH
MPOIYCKHYIO CIIOCOOHOCTh TYTeM MPUMEHEHUS] KaKHX-
HUOYAb CeJIeKIMHA He YacTOTHOIO Xapakrepa (He Kacasch
HAINPABJICHHBIX AHTEHH) WJIH €Ille YeM-HUOY b TOJ0OHBIM.

JelicTBUTEIBHO, €CId OBl 3TO MOXHO ObLIO OBI CAENATD,
TO, TPHUMEHSISE 3TH CHOCOOBI, MOXHO OBLJIO OBbI C OJHOTO
MecTa TepeaBaTh B JIPyroe, CKaxem, n TejeOHHBIX Tepe-
a4 OJTHOBPEMEHHO CO CIHEKTpaMHU YacTOT IIUPHHON Af
KaxJas, 3aHUMasi JJIsl 3TOr0 AMana3oH 4acTOT, MEHBIIIHA,
yeM nA f.

Ho npu Tako# nepenaye HapsHKEHHOCTH OIS (WIIH TOKA
B IPOBOJIOKE) OT PA3HBIX Mepenay CMEIIAINCh Obl B OJTHY
KaKyro-TO (DYHKIUIO BPEMEHH CO CIIEKTPaMH YacTOT MEHb-
X nA f, kotopast 1 Oy1eT BOCIPUHUMATHCS IPUEMHUKAMU.
[TonyunTes, YTO MbI CMOTJIM TIEpe1aTh # (PyHKIUI BpeMeHH ¢
JIMANa30HAMHU YacTOT IIMPUHOW Af mpu mOMOIIM OJHOU
GyHKIUM ¢ AMamma3oHOM YacTOT, MEHBIIUM, 4eM HA f, 4To,
coryiacHo Teopeme VII, coBepiieHHO HEBO3MOXKHO.

N3 ckazaHHOrO $ICHO, 4TO ISl TejiehoHA YBEIMYUTH
IPOITYCKHYIO CIIOCOOHOCTH 3GHUpa MOXKHO, JIUIIb IPUMEHSIS
HaIpaBJIeHHbIe AaHTEHHBI WM PACIIUPSIS SKCIUTYaTUPYEMBIT
UANa30H YaCTOT IyTE€M HCIOJIb30BAaHUS YIBTPAKOPOTKUX
BOJIH.

ITepena4ya n3oopakeHuii

U TeJIeBUIEHHE CO BCeMH IMOJIyTeHSIMH

IIpu nepenave n300pakeHU U TEJCBUICHUN HYXHO Iiepe-
J1aBaTh CTEIIEHb YEPHOTHI KAKUX-TO N 3JIEMEHTOB B CEKYH/Y,
a 3TO PAaBHOCHJIBHO Iepefadye IPOU3BOJIBHBIX YUCET CO
CKOpOCThIO N uuces1 B ceKyHay. Eciiu Mbl 3TO XOTUM clienaTh
IpH HoMoIy (pyHKIMU BpEMEHH, KaK 9TO BCETAa U JIeIaeTcs,
T0 1o Teopeme VII oHa MOMMKHA 3aHITH AUAMA30H YaCTOT, HE
MeHbIIHH, YeM N/2 nepronoB B cekyHay. Takum obpazom,
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Cpa3y BUJHO, YTO TOJIOCY Ya4CTOT M TYT COKPATHTDH HEJb3sI
GOJIbIIIe, YeM 3TO TIO3BOJISIET CHAEIATH TEpeavya Ha OTHON
GokoBoit mosioce. IpaBma, IUIsi OCYIECTBIIEHUS W 3TOTO
MOTYT BCTPETUTHCS GOJIbIIME TEXHAUECKUE TPYAHOCTH U3-3a
(a30BBIX UCKAKEHUIA BOBMOXKHBIX ITPU TAKOM Tepeaaye.
Henb3st cokpaTuTh OJI0CY 4aCTOT M IPU IOMOIIIHN KaKOK-
HuOy b "rpynnoBoil pa3BepTku u3o0paxenuil” (pa3BepTke
He MO OTMENILHBIM 3JIEMEHTAM), TaK KaK U MPH TAKOM
pasBepTKe MPHUIETCS BCE K€ TEPENaTh, MPaBId, KAKAM-TO
JPYIEM CIIOCOOOM, CTEIEHb MOYEPHEHHS TeX Ke N dJieMeH-
TOB B CEKYHMY, T.€. N IPOU3BOJIbHBIX YHCEN B CEKYHJIY, YTO
CIIeJIATh HUKAK C YMEHBIIIEHHBIM THAMA30HOM YaCTOT HEJIb3S1.
He cMOryT # TyT IOMOYb HEYACTOTHBIE METO/IBI CEJIEK-
Uil (He BKJIFOYAs HANPABJICHHBIX AHTEHH) MO TEM €
OCHOBAHUSIM, KaK U IIPH TeJIeOHHON mepeaaye.

Teserpadnas nepenaya u nepegavya u3o0opasKeHuii

0e3 mosTyTeHeil WM ¢ OrpaHNYEHHBIM KOJIMYECTBOM HX
ITpu Tenerpaduoii mepemaye, a TAkKe MpU nepeaaye n3o0pa-
XKeHui 0e3 MOJyTeHed WM ¢ BIOJIHE ONpeeJIeHHBIMU
3apaHee H3BECTHBIMU MOJYTEHSIMU, MbI UMEEM JIEJIO OTISITH C
nepenavyeil Kakux-To N 3JEMEHTOB B CEKYHAY, YTO PaBHO-
CIUIbHO mepefaye N 4ucesd B CEeKYHAY, HO BEJIMYMHA 3TUX
9JIEMEHTOB M, 3HAYUT, YUCEJ HE MOXET OBITh BIOJIHE
MPOM3BOJILHOM, a JOJDKHA MMETh BIIOJIHE OIpeJIeJICHHBIE,
Hamepe/] U3BeCTHbIC 3HaUeHUs. [109TOMY K 3TUM Imepeaayam
HEJIb3s PSIMO MPUMEHSITH BBIIIIEC BBIBEJICHHBIE TEOPEMBI, TaK
Kak TaMm TOBOPUTCSl O Iepenaye MPOU3BOJIBHBIX, HamEpen
COBEPIICHHO HEU3BECTHBIX YHCEJL.

HeiicTBATEILHO, ISl 9TUX Tepeaad MOXXHO COKPATHTH
HEOOXOIMMBIH THANA30H YACTOT BO CKOJIBKO YrOJHO pas, a
CJIeIOBATEIBHO, IO KpallHel Mepe TEOPETUIECKH, YBEJINYNTh
IIPOIYCKHYIO CIIOCOOHOCTD TaKXe B JJFOOOE YUCIIO pas.

7151 5TOr0 MOXHO MOCTYNATh TAKUM 00PA30M: CKaXeM,
MBI XOTUM I€peaBaTb CO CKOPOCTbIO N 3JIEMEHTOB B
CeKYH/Iy 3JIEMEHTBI, KOTOpble MOTYT UMETh 3Ha4YeHue 00
0, 160 1, ¥ 3aHATH OJI OTOTO AUATIA30H YaCTOT BCErO JINIIb
nmpuHoit N/4 (Bmecto N/2 no teopeme VII). [ns storo
OynemM mepenaBaThb [1Ba TaKUX 3JIEMEHTA IOCPEACTBOM
OJHOTO 3JIeMeHTa (MJIM YUCIa), XOTS Obl COTJIACHO CJIETyIO-
meit Tabmune, rae B rpade I maHo 3HaYeHHe mEPBOrO
ajeMeHTa, B rpade I1 — Broporo, a B rpade 111 — 3naueHune
3JIEeMEHTa, KOTOPBIM MBI XOTHM HX HepeIaTh.

I 11 111

S = = O
—_—_—0 O

W= o

Takxum 06pa3oM MBI CMOXeM Iepe1aBaTh /N 3JIEMEHTOB B
CEeKYH/ly, UMEIOIUX MO [Ba 3HA4YeHUs, mpu momoum N/2
9JIEMEHTOB B CEKYHIy, MOTYLIUX HMETb IO 4 3HAYEHHUS,
KOTOpbIe, corjacHo Teopeme VII, Moryt mepegaBaTbcs mpu
MOMOIIY AAANIA30HA YaCTOT IUPHUHOH N /4.

IIpakTuueckn Takyro 3aMeHy [BYX 3JIEMEHTOB OJHHUM
MOXHO OCYIIECTBHTH XOTs ObI TO cxeme puc. 4, rme © u
®, — nBa poToseMeHTa WM 1Ba TeserpadHbIX anmapara,
npuueM @ IpUBOIUT B AEUCTBUE MOYISTOP M, mochLIato-
LI B IMHUIO aMIUIATY Iy, paBHYyo equnuie, @- xxe pabortaet
€ MOIYJASATOPOM Mj, MOCBUTAIOIINM aMILIUTY1y, PaBHYIO 3.
IIpu pabore ®; u P, cpa3zy npuBoasTcs B AedcTBre obda

[V®H 2006
(D] 3 -HI
o—— M, IT,
JI
—_—— — H2
O—— M» s
[0
Puc. 4.

MOAYJATOpa, U TAaK KaKk OHM BKJIFOYEHBl HAa BCTpe4y, TO
TOChIJIAeTCSl aMIUTUTYAa, paBHas 2. Ha mpuem mpunumae-
MBIl CUTHAJI TOCTYMAaeT Ha TPU MPUEMHUKA, IPUYEM MEPBBIiA,
I, HaunHaeT paboraTh OT aMILUIUTYABI 1, BTOpOii, [1>, — oT
aMIIiTy bl 2 u Tpetuid, [13, — ot ammutyast 3. [lepBbiid
npuemuuk I1; mpuBonut B nmevictBue JI;, BTopoit — Jlo, a
TpEeTU’ IPU IPUXO/IE AMIUTUTYIbI, PABHOU TPeM, — 3aTTUPAET
noctyn ot | mpuemuunka Ha JI;. [1pn momMormm Tako¥ cxeMbl
MBI ITOJIYYHM YKa3aHHOE BBIIIIE COKPAIIIEHUE TIOJIOCHI 4YaCTOT.

IIpu Takoil mepengavye BBUAY TOTO, YTO MpPHU HEU CTaHO-
BUTCSI HEOOXOAMMBIM Da3jiMyaTb BMECTO JBYX YETBIpe
rpajalud TPUHAMAEMbIX CUTHAJIOB, HEOOXOANMO, OUYEBU/-
HO, 6y/IeT yBEIIMYIATH MOIHOCTD TIepelaTunka B 32 = 9 pas,
110 CPaBHEHHUIO C OOBIYHOM TIepegaueii.

B03MOXHO COKpaTUTh aHAJIOTWUYHBIM OOpa3oM MOJIOCY
4acTOT U B 1 pa3, epefaBas n 3JIEMEHTOB, MOT'YIIIUX UMEThb
10 /1Ba 3HAYEHM S, IPU IOMOLIY OJHOTO JIEMEHTA, KOTOPbIN
JTOJDKEH /151 3TOTO, OUEBUIHO, UMETH 2" 3HAUCHUH (TI0 YHCITY
KOMOWHAINI U3 71 2JIEMEHTOB, IMEIOIIUX 1O IBA 3HAUYCHMUS).
Ho nis Takoii nepegaun HeOOXOIUMO yBEJIMYEHUE MOIIIHO-
cruB (2" — 1)% pas.

IMpu nepenave N300paKeHUd ¢ OMPEIETICHHBIM KOJINYe-
CTBOM 3aJIaHHBIX HamNepe] TMOJYTeHEeH KaXXIbId 3JeMEHT
JTIOJDKEH UMETh HECKOJIbKO, CKakeM m (I 9TOTO cirydas
m > 2), 3HaueHuid. [yist cokpaleHus: moJjiockl 4YacTOT IpU
TAaKOH mepeaye B 7 pa3 MOXHO 3aMEHUThH 1 TIepeAaBaeMbIX
9JIEMEHTOB OJIHUM, KOTOPBIl TOJKEH UMETh BO3ZMOXXHOCTh
MPUHUMATD 1" 3HAUeHMIA (TI0 YUCITy BO3MOXHBIX KOMOMHA-
Ui U3 1 3JIEMEHTOB, UMEIOLUX 71 BO3MOJKHBIX 3HAYeHUU
Kaxablid). MOIIHOCTh NMPHU 3TOM, OYEBHIHO, HEOOXOIUMO
6yaer ysemants B [(m" — 1)?]/[(m — 1)*] pas.

Kak BuHO, Takoe yMEHBbIIIEHUE 0JIOCH YaCTOT TpeOyeT
KOJIOCCAJIbHOTO YBEJMYEHHS] MOIIHOCTH.

Kpome Toro, mpuBeieHHbIE 37eCh CIIOCOOBI OYIyT OYCHB
ILJIOXH ITPH Ilepeayue Ha KOPOTKUX BOJIHAX U3-3a (paAMHTOB **.

JJ1st IpOBOJIOYHOM CBSI3M YMEHBIIEHHE TAKUM CIIOCOOOM
TIOJIOCHI YACTOT MOXET UMETh NMPAKTUYECKOE 3HAYCHUE YKE U
ceifyac, Tak Kak MOIIHOCTH, TaM HEOOXOIUMBbIE, MaJIbI U HET
OBICTPBIX U3MEHEHUH CHJIBI IPHEMA.

ITpunosxenne 1
[Toncrasiss Beipaxkenue (7) B ypaBHeHUE (4), MbI IOJIY4UM:

) +00 T
F(t :J D) cos — kw coswtdw +
(0= _ZO; o

) +00 P
—Q—J ZDksin—kw sinwtdow =
0 == ()1

** Or anri. fading — 3amupanue (curnana). (ITpumeu. H.B. KorenbHu-
KOBOI.)
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+00 ] T T
:ZD/"J <cos — kw cos wt + sin — kw sin wt)dw =
0

w1 w1

(o] P
—ZD/&J (cosw(t——k>> dow,
()]

WM, UHTETPUPYS U 3aMEHSISl B KPYrJIOH CKOOKe | Ha 27 fi,
MOJTyIUM

sinw; (1 —k/(2/1))
- Yo el

Ipnnoxenune 11

B
1 (kAT i t—k/(2f
Clw :—J k sin o ( /@1) cos wt dt
T Jen)-1 t—k/(2f)
clleNlaeM MOICTAHOBKY
k
t=u+-—, dr=du,
2fi
Toraa
(7 i k
C(w):—J Dy SO s <u+—) du =
m)_r u fl
:lJT Dy sinwlucoswuC sw—du+
T)_T u Zf]
(T sin o usin wu .
+-| Dp——————sin a)—du
m)_T u 2f1

DyHKIUS, CTOSIIIAS O] BTOPBIM HHTETPAJIOM, IIPH MEpe-
X0/JIe yepe3 HyJIb MEHsIET CBOM 3HAK, OCTABasICh MO BEJIMYMHE
TOH Xe, TOATOMY BTOPOU MHTErpajl paBeH HYJIO.

DyHKIHUS XKe MO0J] IEPBbIM HHTETPAJIOM HE MEHSETCS IIPU
3aMEHe ¥ Ha —u, ¥ MO3TOMY Hpelesbl 3TOr0 HHTerpaja
MOXHO B34Th OT 0 10 7, HOMHOXHB TIPH 3TOM HHTErpaj Ha
Ba. 3HAYUT,

2D k 7 sinwiucoswu
C(w) = TcostﬁJ fdu,
AT
& k Tsin(wl +o)u
C(w) ?coswz—fl“o ” du—
JTsin(w—wl)udu]
0 u

3ameHsisi B IEPBOM HHTErpaje

(6014‘60)“:)/:

a BO BTOPOM

(w—w)u=y,
MOJIYYAM
D k (0+o) T
C(w):—kcosco—“ S gy -
T 2fi Lo y
(w—)) T o
_ J siny dy} ,
0 y
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Crosime B CckoOKax HHTErpajibl He Oepyrcs. ITo,
O4YEBUIHO, OyayT Kakue-TO (DYHKIMM BEpXHEro mpesea.
Ipunsito 3T (GYHKIUK HA3bIBATH HUHTETPAJIbHBIME CHHY-
camu. BBest 9TO OHSTHE, TOJTYYUM:

Dy, k .
C(w) :—coswﬁ [SlT(w—i—wl) —SIT(CL)—CU])} .
T 1

IpoaenbiBasi COBEPIIEHHO TO *ke ¢ S (), MbI HOJYYHM
ypaBuenue (11).

Ipunno:xenne 111
IMoacrasinsis ypaBHeHus (14) B ypaBaeHue (2), mOJIyIuM

nk (0w — )

Wy — W

wy 00
F(r)= J ZD/" cos coswtdw +

D1 —oc0

Wy +00 k _
+J ZDk sin w sinwtdw .

o1 Too Wy — W]

Hpez{em)l B34TBI OT (] U (2, IOTOMY UTO

Clw)=S(w)=0

npu

wo<w WM o>w.

ITocie TpUrOHOMETPHUUYECKUX MTPeoOpa30BaAHMIMA
+00 033
k ko
1) :ZD;(J cos {w(r— >+ ! ]dw:
T o Wy — W

Wy — W
—Z sin [wa[t — nk/(w2 — w1)] + ko1 /(02 — o1)]

t —nk/(wy — o)
_sin [ort — nk/ (02 — 01)] + Thor /(02 — o1)]
t —mnk/(wy — wy) '

3aMeHsisi pa3HOCTh CHHYCOB Ha MPOU3BENEHHE U TPO-
WU3Be/s YIPOILEHUS, OJIyYUM:

+00
)IZZD/CCOS (w t—%k)x

sin [ (@2 — on)/2{1 K/ 20/~ 1)]}]
8 1= k/R2(f -] ’

WJIH, TPYIIUPYS WICHBI C YeTHBIMH M HEUCTHBIMU kK BMeECTe,
nojyuum ypapaenue (15).

BoiBoabI

1) BBujty uMeroIeiics yke B HACTOSIIEE BPEMS ""TECHOTHI
B oupe" U B CBSI3M ¢ JaJbHEHIIUM OYPHBIM Pa3BUTHEM
PaINOTEXHUKHU, B OCOOCHHOCTH C pa3BUTHEM KOPOTKOBOJIHO-
BBIX TeJIC(OHHBIX MEpeIay U nepeaad n300pakeHuit, BOmpoc
00 U3BICKAHUU CIIOCOOOB yBEJIMYCHUS MPOMYCKHOMN CrIoco0-
HOCTH 3GUpa JOJDKEH OBITh MOCTaBJIEH Meped HAyYHO-
HCCIIeTIOBATEILCKUMU HHCTUTYTAMHE BO BCEll OCTpOTE.

Bormpoc 00 yBeJMueHUH MPOMYCKHON CIIOCOOHOCTH TPO-
BOJIOKM HMeEET Takke OOJIbIIOe IKOHOMUYECKOE 3HAYCHHE.
ITo3TOMY 3TOT BOMPOC CICAYET TOKE H3Y4aTh.

2) Tak Kak HeJIb351 HIKAaKUMU CIIoco0aMu, Kak, Halpumep,
CyXEHHeM IOJIOCHI YaCTOT OTHEIbHBIX Tepenad, MpHMeHe-
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HUEM KaKux-TM0O METONOB ISl pas3fdefieHus mepenad c
HAKJIAIbIBAIOIIAMHUCS OpYr Ha Apyra 4acTOTaMH H T.IL.,
YBEJIMYMTH TPOMYCKHYIO CIIOCOOHOCTH 3(Upa WA TMPOBO-
JIOKH TIPH TIepeade n3o00pakeHuii n TejaedoHa OOJIbINe, eM
3TO MO3BOJISIET CAENIATh OOBIYHAS Ilepe1ava ¢ OJHONH OOKOBOM
MIOJIOCOM, TO BCE MONBITKM B 3THX HAIIPABJICHUSX CIEAYET
OCTaBUTH KaK HEOCYILIECTBUMBIE.

3) Hus Tenerpada u nepegayu n3o0paxenuii 6e3 moyre-
Hell WJIM C OTPAaHMYECHHBIM KOJIMYECTBOM HX IPOIYCKHYIO
CIIOCOOHOCTh MOXHO TEOPETUYECKH TOBBICHTH Oecmpe-
JIEJIEHO, HO 3TO CBSI3aHO C OOJIBIINM YBEJIHMICHHEM MOIIIHO-
CTU U YCJIOXHEHUEeM ammapatypsl. [ToaTomy Hago aymars,
4TO TAaKOEe CYXXECHHE MOJIOCHI YACTOT MOXET B OJpkaiiiee
BpeMsl HAlTH PUMEHEHHUE JIUIIb B IPOBOJIOYHOHN CBSI3H, T]Ie
HaJ 3THM BOIIPOCOM cJeayeT paboTaTs.

4) Heo6xoauMo Ui IEpBOM KaTeropuu nepenay (rese-
¢doH u nepenava u300paeHUH C MOJYTEHSIMU) HANPABUTh
BCE YCUJIMSI HAa pa3paboTKy METOAOB MpHeMa U Mepeaadu Ha
oAHON OOKOBOM MOJIOCE KAK METOJIOB, MO3BOJISIFOIINX MaK-
CHMAaJILHO BO3MOXHO UCIIOJIb30BATH 3(QUP U MIPOBOJIOKY.

Lenp pa3paboTKl — yCOBEPIICHCTBOBATH U YIIPOCTHTH
anmaparypy, OYeHb CJIOXKHYIO B HACTOSIIIIEE BPEMS.

5) HeobxoaumMo M3yuyuTh BONPOC OO yBEJIWYEHUH IPO-
MyCKHOM COcOOHOCTH 3uUpa MpH MOMOIIM HANPABJICHHBIX
AHTEHH KaK MPUEMHBIX, TaK U TEPEIAOIINX.

6) HeoOGxo1nuMo yBemMUnTh Aana30H 3KCILTyaTUPYEMBbIX
B 3(pHpe YacCTOT MyTeM 3arpy3KH, TJie BO3MOXKHO, YIbTPAKO-
POTKHUX BOJIH, a TAKXKE U3yYEHHEM 3TOr0 JUana3oHa YacToT.

7) HeoOGxoaumo m3yuath BONpPOC 00 YBEJIUYEHUM CTa-
OWJIBHOCTH YaCTOTHI PAJAMOCTAHIIAN, YTO MO3BOJIHT YILIOT-
HUTB 3up.

PACS numbers: 89.70. + ¢, 95.85.Bh, 96.30.Ea

Posar B.A. KorebHHKOBa B CTAHOBJICHUH
panoQu3NKN M PaJUOTEXHUKH

H.A. Apmann

1. BBenenne

IMTucates o pomu B.A. KoTenpHUKOBa B pa3BUTHH pPaauo-
(bU3MKY ¥ pAAMOTEXHUKH HE TAK MPOCTO. DTO CBI3aHO KAK C
MHOT000pa3reM HanpaBJIeHUN, K CTAHOBJICHUIO ¥ PA3BUTHIO
KOTOPBIX OH "Ipuiaokuil pyky", Tak U ¢ HAyYHBLIMH PE3YJIb-
TaTaMH, YaCTh KOTOPBIX ObLIA MoJy4eHa 6oJee 70 JileT ToMy
Ha3aJ U C COBPEMEHHOU TOYKM 3pEHHS MPEeACTABIISIETCS
"oueBnaHOI". CJI0KHOCTB CBA3aHA TAKXKE C TeM, 4TO Braanu-
Mup AJtekcanapoBuy He GbL1 "robuTesiemM" myOIMKoBaThCS.
B uwactHOCTH, €ro 3HaMeHuTask TeopeMa He Oblja TOJIKOM
ony0JIMKOBaHa BOBCE, a KJIacCHMYecKas paboTa Mo MOTEHIIH-
aJIbHOW TOMEX0YCTOWYMBOCTH ObLjIa W31aHa JIUIb B 1956 T.,
ciyctst 10 JieT mociie ee BHIITOJTHEHHUS.

2. Teopema

B 1932—-1933 rr. 25-netHuii urxenep B.A. KoTenbHUKOB
3a/1JICSL MBICJIBEO O TOM, MOXHO Ji 0e3 UCKaXeHHii 1epe-
JaBATh CHCHAJI B T10JIOCE YACTOT MEHbIIEH, YeM ITO MO3BO-
nseT nmepeava "Ha oqHONM G0KOBOIM mosoce". B coBpemeH-
HOM NPEACTABJIEHHH 3TO O3HAYAET BOBMOXKHOCTH IPOXOXKIE-
HHSI CHTHAJIOB 6e3 UCKaXKeHHs Yepe3 KaHaJl, CHeKTpalibHasl
IPOILYCKHAS CIOCOOHOCTH KOTOPOTrO MEHBIIIE CIEKTPAILHON
mmMprHbL curaana. Ham aTo npejcrasisieTcs abCypHbIM, HO

B To BpeMms (1933 r.), korga npoOJieMbl CHEKTPaJIbHOU
¢unpTpanun ObBLIM HE MO KOHIA HMOHSTHBI MHXXEHEPaM,
moao0Hasl MOCTAHOBKA BOIMPOCA MPEACTABISIACH PA3yM-
HOU. B cBs3M ¢ 3TUM clle[lyeT BCIOMHUTH CHOPBI TOT'O
BpEMEHH O TOM, YTO MPEJCTABJISIET COOON aMIUIATYIHO-
MOJTyJIMPOBAHHBINA CUTHAJI: CHHYCOUAAIbHOE KoJiebaHue C
ME/JIEHHO M3MEHSIOLIENHCS] aMIUTUTY 0 Ui Habop CIeKT-
paNbHBIX KOMIOHEHT. Pe3ysbTaThl uccinenoBanuii B.A. Ko-
TEJbHUKOBA OBLIM TMOATOTOBJIEHBI B BuIe mokiama "O
IPOIYCKHOM criocobHocTH "3upa" 1 NpOBOJIOKHU B 3JIEKTPO-
cs3u" x I Beecoro3HOMY Che3/Ty 1O BOIPOCAM TEXHUYECKON
PEKOHCTPYKLUM JeJ1a CBSI3U M Pa3BUTHS CJIaO0TOYHOM Mpo-
MbILUIEHHOCTU. Che3/1 HE COCTOSICS, HO MOArOTOBJICHHBIE K
HEMY MaTepualibl ObLIM U3aHbI [1], 94TO U SIBUIOCH ODUIIH-
aJIbHBIM MTOATBepXkaeHIeM npuoputeta B.A. KoteapHukoBa
B JIOKa3aTeJIbCTBE 3HAMEHUTON TEOPEMBI OTCYETOB.

Ha camom nerne paboTa comepxaia ceMb TeOpeM, HO BCe
OHM SIBJISUITMCDH B TOM UJIM MHOM CTENIEHU Pa3BUTHEM OCHOBHOMI
TEOpEeMbI, KOTOpas TIJACHUT, 4To Jrobas dyHkuus f(f) ¢
OTPAaHWYCHHBIM CIIEKTPOM IIUPHHBI B MpeAcTaBIMa B BHIIE
psna

00 .

f() = Z f(l) sinc (2nBt — nm), sinc(x) = S

S0 \2B X

Ilo cymecTBy TeopeMa yTBEpXKAAeT, 4TO JiroOast (pyHKIus
TTOJIHOCTBIO MPEJICTABIMAa COBOKYITHOCTBEO CBOMX OTCYETOB,
BBIOMPAEMBIX B TUCKPETHbIE MOMEHTBI BpeMeHU 1, = 1n/2B.
Ecnu n3myunTh CBEpXKOPOTKHME UMIYJILCHI C AMIUIUTYIaMH,
paBHBIMU OoTcueTaM (YHKIIMM B yKa3aHHbIE OUCKPETHBIC
MOMEHTBI, TO NPUEMHHUK, UMEIOUUNA (QUIBTP HHXHHUX
YaCTOT CO CHEKTPAJIbHOM IUPUHOU B, chopmupyeT Kojeba-
HHsI BUAA sinc (x) ¥ cymMMma 3THX KoJieOGaHWN BHOBB JI4CT
HeucKkaxeHHyro ynkimro f (7). YkazaHHas mpoleaypa nepe-
a4yl CUTHaja W ero mpuema mosicHsiercss Ha puc. 1. Ilo-
CKOJbKY (DUIBTP HUKHHUX YACTOT NPUEMHHUKA JOJDKEH
AMETh UIMPUHY TOJOCH HE MEHBIIYIO CIEKTpalbHOU
IIUPUHBI CUTHAJIA, TO MOMBITKA YMEHBIIICHUS 3TOW MOJIOCHI
IIPY HEUCKa)KaeMOH Iepeiaye CUrHajla NoJ00Hb! MOMBITKAM
co3manus perpetuum mobile, 0 4eM u npeaypexIal aBTOP
pabotsl [1] mpu mocTaHOBKE 3a/1a4H.

HHTtepecHO OTMETUTD, YTO Biagumup AjiekcaHApOBHY B
1936 1. meITaNCcs OMyOJIMKOBATH CBOIO TEOPEMY B JKypHAJIe
Daexmpuuecmeo. OaHAKO B MyOauKanuu emMy OBLIIO OTKa-
3aHO CO CCBUIKOM Ha MePerpy>KeHHOCTb NOPTheIIs )KypHaa u
Ha y3KMil HMHTEpPEC €ro CTaThW. 3HAJIM Obl MHUIUATOPHI
oTkaza, o yeM oHum ToBopsaTr! Ha camom pmene Teopema
rMeeT 0oJjiee MMPOKOE 3HAYSHHE 110 CPABHEHHIO C 3a]1ayeid,
npuBeLIeH k ee Joka3aTesbeTBy. [To cymiecTBy, oHa ykaszaja
MyTh NPEeACTaBJIECHUS] HEMPEPHIBHLIX (QYHKINHA B UpPOBOM
BUJE U TEM CaMbIM CTaja OJHUM M3 TeopeThyeckux Qynma-
MEHTOB IU(PPOBON TEXHUKU, OYpHO pa3BUBAIOIIEICS B
MocJieIHue ecaTuiieTus. [Ipu mocTaHoBKe BOIIpoca O Tpej-
CTABJICHUU HENPEPBIBHOW (QyHKIMH B 1H(pPOBOM BHIE B
MEPBYIO O4Yepe/lb BO3HHMKAET BOIPOC O TOM, KakK Yacro
cJielyeT BhIOMpATh 3HAYeHUS (PYHKIUH, YTOOBI JOCTATOYHO
TOYHO OTPa3uTh ee BUI. [1epBrIil 1 HAUBHBIN OTBET IJIACUT:
YeM YaIlle, TeM JIy4lre. DTO 03HAYAET, YTO IS HeUCKaKEHHON
nepeaavd Jr000ro coodIIeHnsI HeOOXOIMMO UCIIOIh30BATh
JIOCTATOYHO 4YacThle BbIOOpKH. HO B cucremax cBsI3M MBI
AMEEM [IeJI0 C CUTHAJIAMH C OIPAHUYEHHON IIMPUHON
cnekTpa. Takue CUTHAJIBI He MOTYT U3MEHSThCS BO BPEMEHU
Kak yrogaHo ObicTpo. [1o3ToMy BEIOOPKH CUTHAIIA, B3SITHIE 32
CJIMIIIKOM KOPOTKUN MHTEPBAJ BPEMEHH, MOTYT OKa3aThCs
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Puc. 1. K Teopeme oTcueToB.

[

Nmiynbeet

MaJo OTJIMYAIOIIMMHUCS APYT OT APYra U UCHOJIb30BAHUE UX
TOJTHON COBOKYMHOCTH OKa3bIBaeTCS UMUIITHUM. DyHKINS C
OTPAHUYCHHBIM CIIEKTPOM MOXET CYIIIECTBEHHO U3MEHSITHCS
JIMIIb 32 MHTEPBAJIbI BPEMEHU HE KOpoue, ueM obpaTHas
BEJIMYMHA IIMPUHBI IOJOCHI HX CHEKTpa. DTO TOHSI
HaiixkBuct, KOTOpBIH, MO-BUAUMOMY, OJHUM U3 TEPBBIX
BBIPA3UJI MBIC]Ib, YTO BBIOOPKH CHTHAJIA JOJDKHBI Pa3jId-
YaThCSl HHTEPBAJIAMHU BPEMEHH, PABHBIMH MPHOIN3UTEIBHO
00paTHOH MOJI0CE €T CEKTPAJIbHON IUPUHBI [2]. DTO YyacTo
JTaeT OCHOBAHHUE, OCOOCHHO 3aNaJHbIM Yy4YE€HBIM, YHOTpeO-
naTh TepMuH "mpaswiio BbIOopok Haliksucra". Opmako
paccyxaenust HallkBucTa OTHOCHIIUCH K TIpOOJieMe HEeHucKa-
KEHHOH niepeayn Teserpaduoro (muppoBoro) curuaia. Ira
npo6jemMa OTJIMYAETCsl OT MPOOJIeMbl HEUCKaXXEHHOU Tepe-
Jlayyd aHAJIOTOBOI'0 CUTHAJIA, XOTSI MEXy HUMHU €CTh MHOTO
o01wero, Ha YTO yKa3biBaeT nmpodeccop JIroke B cBoeil craTbe
O TPOUCXOXKICHUH TEOpeMbl BBIOOpOK [3], OoTMmeuas, 4TO
"MepBBIM YYEHBIM, TOYHO CHOPMYIMPOBABIIAM TEOPEMY O
BBIOOpDKAaX M TNPWIOKHUBIIAM €€ K TpobjeMe Teopud u
TEXHUKU CBSI3H, BJAETCs, BeposaTHO, B.A. KoTenabHukos".
DTO yTBEpXKICHUE AAJI0 OCHOBAHME JJIsl HAarpaxxaeHus Bia-
numupa Asekcanaposuda B 1999 r. npemueii ponga dnyapaa
Peiina 3a ¢pyngaMeHTaIbHBIE UCCIIETOBAHUSI.

IToxoxas Teopema Obla WM3BEeCTHA MaTeMaTHKaM. B
YaCTHOCTH, ¢ Toka3zan B 1915 r. Yurtekep, ucciiemys npoo-
JIeMy anmpOKCHMAITUK TeJbIX (YHKIUA KOHEYHOM CTENeHU
[4]. B.A. KotenbHUKOB He ObLI 3HAKOM C 3TOW paboOTOM.
OnHako B MaTeMaTUKe — 3TO OJHA U3 MHOTUX OPJIMHAPHBIX
TeopeM. B Teopmm xe cBs3m W mubpOBON TEXHUKE ITa
TeopeMa SIBJISIETCST 0a30BOM, U €€ JT0Ka3aTeIbCTBO HECOM-
HeHHO siBisieTcs 3aciyroir B.A. Korenpnukosa. K coxaie-
HUIO, IPOOJIEMBI C ITyOJIMKAIEN €ro TEOPEMBI JOJIT0E BPEMSI
CITYKUJIM IPETISITCTBUEM [1J1s1 IIMPOKOTO O3HAKOMUIICHHS C Helt
HAy4yHOU oOOIecTBeHHOCTU. TeopeMa BBIOOPOK cTaja
MIMPOKO U3BECTHOM JIMIIB MTOCIe TOTO, Kak B 1948 r. lllennon

6*

nmokaszan ee BHOBB [5]. Ceifuac HEpeaKoO 3Ta TeopeMa Ha3bl-
BaeTCs Kak TeopeMa BbIOOpOoK Yurrekepa — KotenbHUKOBA —
[ennona ("Whittaker — Kotel'nikov—Shannon sampling
theorem" [6]).

Teopema KoTteslbHUKOBA MOXET OBITh paclpoCTpaHeHa
Ha JIFoObIe (YHKIIMU, UMEIOIIME OTPAHUYCHUS B KAKOM-JTHOO0
npoctpancTse [7]. UMeeTcs conpsixeHHast TeOpeMa, OTHOCS-
mascs K QyHKIHSM, JIMATHPOBAHHBIM TI0 BpeMeHH [8]. B
YaCTHOCTH, BO3MOXHO (POPMHUPOBAHUE KOPOTKHX HUMITYJIb-
COB 3a CYET reHepaIuy KoJIeOaHnil Ha TUCKPETHBIX YaCTOTaX.
JuarpaMMa HampaBJIeHHOCTH AHTEHHBI MPEJICTABIISET CO-
60i1 mpeoObpazoBanne Oypbe OT TOKOB, IPOCTPAHCTBEHHOE
pacrmpeiesieHue KOTOPBIX OTpaHMYEHHO alepTyPOil AHTEHHBI.
Ha sTtomM ocHOBaHmMHM muarpaMMa HAIIPaBIEHHOCTH TakKXke
MOeT OBbIThb IpeACTaBJIeHA MUCKPETHBIM psiioM [9]. Ilpu
00paboTke M300paKeHW BO3HHUKAET HEOOXOIUMOCTh MX
npeacTaBieHus B mudpoBOoM BHUAE, U 34echk Teopema Ko-
TEJIbHUKOBA CIYXHUT OJHUM U3 BaXKHEUIINX MHCTPYMEHTOB
JUISL OCYIIECTBIICHHSI YKA3aHHOM OTIepaIliH.

OIHIM U3 UHTEPECHBIX MPUMEPOB SIBISETCS HECKOJIBKO
HEOXXHJIaHHOE IPUMEHEHUE TEOPEMBI U1l OIIUCAHUS JUCTIEP-
cun curHayioB [10]. 1ot 3¢ dexT, Kak U3BECTHO, BOSHUKAET
MIPH PACIPOCTPAHEHNH BOJIH B Cpeliax, e (ha3oBasi CKOPOCTh
sBysieTcs: QYHKIMEW 4acTOTHI, U BBIPAXAeTCsl B TOM, YTO
(opMa CHTHAJIOB HCKakaeTCcsl MPH HMX PACHpPOCTPAaHCHUH.
Ha pucynke 2a mpencraBiieH HSHCKa)KeHHBIN CHTHAJI, TOJTY-
4aeMoil JIMHEWHON 4acTOTHOM MoayJsiiueid B nojioce B. OH
umeer (opmy sinc () u moITOMY OTOGPAX)aeTcs OMHON
xommonenToit KotenmpHukoBa. B mpormecce pacmpoctpane-
HUS B TUIa3Me (GopMa CHTHAJIA UCKAXaeTcs U MpuodpeTaeT
BU/I, IPECTABJICHHBIN Ha pHC. 26. DTOT UCKAKCHHBIA CUTHAIT
AMeEET y’Ke MHOTO KOMIOHEHT KOoTeTbHIKOBA, KOJIMYECTBO U
AMIUIATYABl KOTOPBIX OTOOPaXaroT CTENEeHb MCKAXEHUS
curHaja. ITo ux mapameTpamM BO3MOXHO BOCCTAHOBJICHHE
dbopmel curaana [10].
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Puc. 2. Teopema OTCUETOB U JUCIEPCHS CHTHAJIOB.

3. Teopusi NOTEeHHAJILHOI MIOMEX0YCTONYHBOCTH

B aToM pa3smesie MbI OCTAaHOBHUMCS Ha CIIETYFOIIe Kiiaccmye-
ckoii pabote B.A. KoTenbHUKOBA, MOCBSIIECHHOW MPEeITb-
HOM 4yBCTBUTEJIBLHOCTU IIPUEMHBIX cucTeM. B xonue 1930-x
TOJI0B BO3HUK KPHU3UC B MOBBILIEHUN TOMEXOYCTOMYMBOCTH
CHUCTEM CBs3U. BCSKOTO pojaa TeXHUYECKHE YXHUIIPEHUS
HATAJIKUBAJINCh HA HEKOTOPBIA Mpeest, MPensTCTBYIOIIHIA
JTaJIbHEHIIIEMY TOBBIIICHHIO YYBCTBUTEIHLHOCTH MPUEMHHU-
KOB. Bo3HMKa ecTeCTBEHHBIH BOIPOC: SIBISIETCS JIM 3TO
pPe3yIbTaTOM HEJIOCTATOUYHON N300peTaTETbHOCTH HHKEHE-
POB MJIM CYLIECTBYIOT Kakue-To (GpyHAaMEHTaJbHBbIE MPH-
YHBI, CTABSIINE TIpeAesl MOMEXOYCTOMINBOCTH paccMaTpH-
BaeMbIx cucteMm? OTBET Ha 3TOT BONPOC ObLI JJaH B IOKTOP-
ckoit auccepramuu B.A. Kortennuukosa "Teopus noreHnu-
aJIbHOM momexoycroiunBoctu", Hanucanuou B 1946 1. u
ycremHo 3amuiieHHoi B 1947 1. Lenbsro padoTsl ObLIO
"BBISIBUTH, MOYHO JIX IIYTEM YCOBEPILIEHCTBOBAHUS TIPHEM-
HUKOB TIPHW CYIIECTBYIOIIUX BHIAaX CHUTHAJIOB MOHU3UTH
BiusiHEe moMex? UTo MoxeT nath B 6opbbe ¢ moMexamu
n3Menenne popmel curaanon? Kakue gpopmel curnaaos st
sToro ontuMaibae?" [11].

B paccmaTtpuBaemoit paboTe ObLIO MHOTO TPHHIUIU-
aJlbHO HOBOTO M HENPHUBBIYHOIO IS HHXXEHEPOB TOTO
Bpemenn. [Ipexme Bcero, 3TO BBEIEHHUE OPTOHOPMHUPOBAH-
HbIX (yHkumit Bpemenu Ci(f), MO KOTOPBIM MOXKET OBIThH
pasyoxen curHan. CurHan A;(tf) TMpeICTaBiISICS B BUIE
CyMMBI

A1) = au Ci(1).

Puc. 3. 'eomeTprueckoe npeicTaBjieHIe CUTHAJIOB.

Pasnuynble CUTHAJIBI pa3IMyaroTcss HabopoM ko3 dunueH-
TOB @j. B cityuae orpaHuyeHHOro umcia 6a30BbIX QyHKIMH
Ci(f) Takoe pa3jiokKeHHEe HA3BalIHM Obl MPEACTABICHUEM
CUTHaJla B KOHEYHOMEPHOM €BKJIMIOBOM IIPOCTPAHCTBE
(runbbepToBOM mpocTpancTBe) [12]. CurHaabl MOTYT pac-
CMaTpUBATHCS B KAYECTBE BEKTOPOB B 3TOM MPOCTPAHCTBE.
IIpuMep TAKOTO T€OMETPUYECKOTO MPEACTABIICHUS TPHBE-
JieH Ha puc. 3. Hato 3aMeTUTh, 4TO XOTSI aBTOP JUCCEPTALIAN
4acTo oOpalaercss K reOMEeTPUUYeCKOMY MPEICTABICHUIO
CUTHAJIA, OJHAKO WJUIFOCTpAIMA, MOJOOHBIX pHUC. 3, B €ro
pabote Het. [Ipu mpakTuueckux pacuerax B.A. KorenbHu-
KOB MoJib3yeTcs psaaMu Oypbe, 4TO SIBIISICTCS ECTECTBEHHOMN
JIaHbIO CTAHJTAPTHOMY CIHEKTPaJIbHOMY MpEACTaABICHUIO
CUTHAJIA.

IMepBoii 3amaveil, pacCMOTPEHHON B paboTe, SBJISIETCS
3ajlaya pacrno3HaBaHus. Ee CyTh B YNPOIIEHHOM BHJIE
npejcTaBiieHa Ha puc. 3. Ha BXoj mpueMHHMKa MOCTyHaeT
cMmech curHasia 1 myMa X. KakoB mojmkeH OBITH OTBET Ha
BBIXO/I€ IPUEMHHUKA — 3TO CUTHAJ A| ik A;? SIcHO, 4TO 3TO
Oynet A, ecliu A5l €BKJIMIOBBIX PACCTOSIHUUN CIIPaBEJINBO
HepaBeHCTBO |Dy| < |Dy|. OnHako coOJrofeHue MM Heco-
OJTr0/IEHUE 3TOTO HEPABEHCTBA HOCUT CTATUCTUUCCKUIA Xapak-
Tep, MOCKOJIbKY M3-3a CJIyYallHOT O MIOBEICHUS IITyMa UMEeeTCsT
HEKOTOpasi BEPOSITHOCTh, YTO paccMaTpUBacMOEe HEpaBCH-
CTBO He cobro1aercs. [103ToMy MOKHO TOBOPUTH O BEPOSIT-
HOCTHOM TpPHUPOJIE NMPABUILHOTO BBIJCJICHUS CHUTHAJIA Ha
(one momex. OTcrofa CeayeT ONpeesieHUue MOHSITUS Ue-
JIBHOTO TPHEMHHMKA KaK JAroIlero MHUHUMAJBLHOE YHCIIO
HETPABUJILHO BOCIPOU3BOAUMBIX COOOIICHHIA TIPH HAJIOKE-
Huu noMexu. [ToTeHnranbHast MOMEXOYCTONYUBOCTD Xapak-
TEPU3YETCS MUHUMAaJIbHO BO3MOXHBIMU UCKaxeHusiMu. OHa
paBHA BEPOSTHOCTHU HENMPABUJILHOT'O BOCIPOW3BEJACHUS U B
cJlydae rayccoBa IIymMa ¢ pABHOMEPHBIM CIIEKTPOM OTIpe/ie-
JISIETCSI OTHOIICHUEM Y/CJbHOW 3HEPTMHA K WHTECHCUBHOCTHU

TOMEXH ¢ 2:

ljm| (1) — As(0)
oL =— A(t) — t ’.
2071 1 2

3nece T— aimtenbHOCTH curHaja. CoBceM IPOCTOM BUJT 3TO
OTHOIIICHUE TPUHUMAET B THUIUYHOM IS PaJHOJIOKAIIUU
cirydae, kornaa A, (1) = 0:

Y

* =262
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rae Q — sHeprus curuana. B sTom ciayuae "moTeHnmanbHas
TIOMEXOYCTOMYMBOCTb OyIET ONMpPeaessIThCS JTUIIb YHEPruei
CHTHAJIa ¥ COBEPIIECHHO He OyIeT 3aBUCETH OT ero (popMbl"
[11]. CoBpemeHHBIE CTIEIATIUCTBI IT0 PATUO0IOKAIIUY CKa3aIn
ObI, YTO MapaMeTp o SBJISETCS OTHOIICHUEM CUTHAJI/IIYM,
KOTOpOE OMpeAessieT BEepOsITHOCTh J0XHOUM TpeBoru. Ilpu
60JIBIIIOM 3HAYEHUH OTHOILUECHHUS CUTHAJI/IIIYM BEPOSTHOCTH
MPaBIJILHOTO BBIACJICHUS] CHUTHANIA OJU3Ka K eAWHHUIE, a
BEPOSATHOCTD JIOKHOW TPEBOTH CTpeMHTCS K Hyiro. He-
ckostbko mo3xe (1948 r.) K. IlleHHOH MOJIy4MJI COOTBET-
CTBYIOIIME pPe3yJbTaThl IJis OoJiee IUPOKOro Kjacca
noMex. XapakTepHO, YTO PEIIAIONIYI0 POJIb IJIsl MOTEHIH-
aJIbHON TTOMEXOYCTOMYMBOCTH UTPAET IHEPrusi, a He MOIII-
HOCTh CHUTHajla. DTO OOCTOSITEJIbCTBO HE BCET/Ia BCEMU
nounMaetcs. CoBpeMeHHble METOAbl (HOPMUPOBAHUS CHUT-
HaJla 9aCcTO PACCUUTAHBI HA €ro HeOOJIBIIYI0O MOIIHOCTD, a
caM IIPOIIECC €0 BbIAEJICHUS! OMUPACTCS HA cxkaTue (ONTH-
MaJIbHYIO QUIIBTPAIINIO) B IPUEMHOM ycTpoiicTse [8]. OkoH-
4aTeJbHBI OTBET HA 3aJaHHBIH B Hayalle OUCCEPTALUU
BOIIPOC CBOJUTCS K YTBEPXKIECHUIO, YTO JUISl MOBBIIICHIS
MOMEXO3AIUIIEHHOCTH CUCTEMBI CBSI3U HEOOXOIMMO YBEIIH-
YUBAaTh OTHOIIEHHE CUTHAJI/IIYM, KOTOPOE OKa3bIBAeTCs
pelaluM HapaMeTpoM, ONPEACIISIIOLIIUM BEPOSITHOCTD
BEPHOTO BBIICJICHUS CUTHAJIA Ha (poHE TOMeX.

B nocienyromux gactsax paboTsl 3a1a9a paclo3HaBaHUS,
0 KOTOPOW MBI TOBOPWJIM BBIIIIE, JOMOJHIECTCS 3aTadaMu
OIICHKM TapaMeTpoB W (uibTpanuu. TeM caMbIM OXBa-
TBIBAIOTCSI OCHOBHBIE NMPOOJIEMBI CTATUCTUYECKOW pPaauo-
TEeXHUKH. DTO W SBJISETCS OCHOBOW [JIl YTBEPXKICHHUS O
(ynnamMeHnTanbHOM xapaktepe auccepraiuu B.A. Kortenb-
HUKOBA.

OTMeTHM, YTO KO BpeMeHHu Hanucanust pabotel B.A. Ko-
TEJHHUKOBA B TEOPHH BEPOSITHOCTU M TEOPUU CIYIAMHBIX
MPOLIECCOB MAaTEMAaTHKaMHU OBbLI MOJYYeH DS BaKHEHUIINX
pe3yJIbTaTOB B TeOpHU (UIbTpALlUy, TEOPUU OLEHKU Mapa-
METPOB, TEOPUH CTATHCTUYECKUX PEIICHUIA U T.11. 37eCh MbI
CTAJIKHBaeMCsl C CHTyalued, aHaJOTUYHOW CHTYalluu C
TeopeMoil OTcYeTOB. Pe3yabTaThl MaTEeMAaTHKOB HE JOXO-
WA JO CBOEro MOTPEOHUTENs, M HYXHBI ObUIM YCHJIUS
JIPYTUX CIENHATUCTOB, YTOOBI OHHM MPHOOPETN MpaKTHye-
ckuit cMbIcia. B 1998 r. Obuta omyOimkoBaHa ctaThsi Bepay,
nocBsleHHas nsaTuaecsaTuierno teopun lllennona [12]. B
Hell, B YaCTHOCTHU, TOBOPUJIOCH, YTO HAMOOJIBIINIA BKJIA] BO
BHE/IPEHNE TEOPUM CJIY4YalHBIX IPOLECCOB B MHCTPYMEHTA-
puii uHxeHepoB cBsi3u BHecsm Bunep [13] u Patic [14]. Ognako
pabota Bunepa, onybnukoBanHas B 1949 r., He Morja ObITh
m3BecTHa B.A. KotenpuukoBy B 1946 1. UTO Kacaercs
paboThrl Paiica, To oHa 6buTa onyOsimkoBaHa B 1944 1., u 3T0
eQMHCTBeHHAsi paboTa, Ha kotopyro B.A. KotenbHUKOB
cchUIaeTcsl B CBOeM auccepranmuu. J{pyrux CCbUIOK HET
MOTOMY, YTO He OBLIO MPEAIIeCTBEHHUKOB. B cBs3U ¢ 3TUM
Braaumup AjekcaHAPOBUY C TOJHBIM OCHOBAHHEM MOXKET
CUNTATHCSI OJTHUM M3 OCHOBOIOJIOKHHUKOB CTATHCTUYECKON
paarnodu3uKK ¥ pagUOTEXHUKU. DTa €ro BBIIAIOIIASCS POJIb
MOYEMY-TO HE OYCHB IITMPOKO OTPAXKAETCS B HAYIHO MEUATH.
To, 4YTO CTaTHCTUYECKOE MBIIIJICHUE HEe OBLIO pacmpocTpa-
HEHO CpeOy PaJuOMHXEHEPOB B Te TOABl JOCTATOYHO
IIUPOKO, TMOKA3bIBAET U CaM CHOCOO W3JIOXEHHSI PadOTHI
B.A. KorenpHnukoBa. HecMoTps Ha TO, 4TO B Heil Bce BpeMst
pedb WAET O CIyYaiHbIX MpOIeccax, TaM HE BCTPETHUIIb
TEPMUHBL: KOPPEJSLMs, CHEKTpajbHAsl IUIOTHOCTb M Ap.,
XOTsI HESIBHO OHM MPUCYTCTBYIOT. CaMa mpolenypa npHuHs-
THS PEIIeHU CTPOUTCS Ha 0ailleCOBCKOM CTpaTeruu, HO 3TO
HE YNOMHHAeTCsS B TeKCTe, a (opmylia IS aupUOPHOR

BEPOSATHOCTH IPOCTO BBIBOIUTCS HMCXOHs 3 'pa3yMHBIX"
coo0OpaxxeHuil.

Kak yxe ormeuanock, Teopus nomenyuaivioil nomexo-
yemotiuusocmu ObLIa OMyOJIMKOBaHA JIUIIB B 1956 1., Kor/ma
[IMPOKOE TPU3HAHKE TOJIYYMJIH PabOTHI MHOTHX JPYTHX
aBTOpoB. IloaroMy 3Ta paboTa XOpOIIO W3BECTHA JIUIIb
TeM, "KTO 3Haer", M B mOCIIeIHEeE BpEMSsI MHOTAd IUTHPYETCS
B OCHOBHOM pOCCHHCKMMH YyYEHBIMH. DTO, B OOIIEM-TO,
ecrecTBeHHO. Hayka He CTOUT Ha MecTe.

4. Pagnonokanusi nianet

Paguonoxanus miiaHeT SBISETCS €lle OJHUM BeJIMYalIInM
JIOCTUXKEHUEM B HayuyHOM TBopuecTBe B.A. KoTenbHuKOBA.
B 1960-x rogax pa3BUTHE PaKEeTHO-KOCMHYECKOW TEXHHKHU
OTKPBLIO BO3MOXHOCTb 3aITyCKa KOCMHYECKHX ATIMapaToB K
npyrum tianetam CoJIHEYHOU cucTeMbl. JIjIsl yrmpaBJieHus
MOJIETAMH 3THX alapaToB HEOOXOAUMO OBLIO JOCTATOYHO
MOJIHOE 3HAHHME TOJOXKEHHs IJIaHeT. ACTPOHOMHYECKUE
HAOJIIOJICHUs, IPOBE/ICHHbIE K TOMY BPEeMEHH, OOeCIeUrIN
JIOCTATOYHO HAJIeKHBIE TaHHBIE 00 OTHOCHTEJILHBIX pa3Me-
pax COJTHEYHO! CHCTEMBI, OJJHAKO [IJIsl YCTIEITHOM MeXILIa-
HETHOM HaBHUrallMd HEOOXOOUMO OBLIO XOpollee 3HAHUE
a0COTIOTHBIX pa3MepoB cuctemMbl. OCHOBHOW MaciiTabHOU
BEJIMYMHOU, XapakTepusyromiei pasmepbl CoJaHEYHOU
CUCTEMBI, SIBJISICTCSI aCTPOHOMUYECKAs eMHUNA (a.e.), paB-
Hasi OOJIBIION MOJIYOCH AJUIMIITHYECKONH OpOUTHI 3eMJIH, NN
cpenaeMmy pacctossHuio 3emim oT CousHna (0KoJio
150 Mot ¥xM). OHA MOXeET ObITh pACCUMTAHA, €CIIM U3BECTHO
paccTosiHue MEXIy ABYMS IUlaHeTaMH. Pammosokamusi u
MIPEIOCTABIISIET TAKYIO BOBMOXXHOCTD. 32 €€ OCYILEeCTBIICHHE
B3sUICS KOJIJIEKTUB, Bo3rjasisieMblil B.A. KoTeJbHUKOBBIM.
[Mpu sToM Biagumup AJeKCaHIPOBUY MPOSBHI ceOsl HE
TOJIKO KaK BBIJAIOIIUIICS yYEHBIH, HO U KaK He3aypsTHbIN
opranuzatop. B To Bpems B EBnatopun cozgaBasics UeHTp
JlaJlbHE KOCMHUYECKOM CBSA3U, B COCTaB KOTOPOI'O BOIILIU
MOIIHBIA nepeaaTynk (=~ 10 kBT) Ha qiuHe BOJHBI 39 ¢M U
KpYIHBIE Tlepenaronias u npueMHusle anteHHsl AJY-1000 ¢
3 eKTUBHON MIOMmAAbI0 0KoJo 1000 M?. JIys ycHemHoi
peanu3anuy paguosoKay TpedoBajoch co34aTh O0JIbIIOE
KOJIMYECTBO anmuapaTypsl Ij1s1 GUIbTpalui CUTHAJIOB, U3Me-
pEeHHS UX CHEKTPA, YaCTOTHI U AP. 3aMETUM, YTO Ha MEPBBIX
Mopax BBMYUCIUTENLHBIX MAIIHH He OBLIO, U MHOTHE aJIro-
PUTMBI HE MOTJIH OBITh PEaIM30BAHBI NMPOTPAMMHBIMU
MeToJaMu. ENMHCTBEHHBIM CIIOCOOOM OBLIO CO3JaHKIE COOT-
BETCTBYIOIIUX YCTPOUCTB COOCTBEHHBIMU CHJIAMH.

To, 4To B Ty MOPY paInoIOKANHMs IUTAHET ObLIa HEmpo-
CTBIM [IEJIOM, CBUAETEILCTBOBAJ 3apyOekHBIH OmBIT. 1ep-
BBI€ MIOMBITKH Pagroiokanuu BeHepbl ObUH MpeIIPUHSITH B
CIOA B 1958 1. [16] u Anrmum B 1959 1. [17]. Onnakxo
pe3yJIbTAThl 3THX IKCIEPUMEHTOB OKA3aJMCh OLIMOOYHBI-
MU. DTO NOATBEPAMII U IepBbIi onbIT Ipynnsl B.A. KoTenb-
HUKOBa. B Havase paboThl MOTEHIIUAJ PaIUOIOKATOpa OBLIT
HACTOJILKO MalJl, YTO JJIsI BBIACJICHHS CATHAJIA TPUXOIUIOCH
MPOU3BONTH €r0 HAKOTICHHUE B TEUEHUE HECKOJIBKHUX YaCOB.
OHaKo Mo Mepe pa3BUTHUS TEXHUKH (YBEJINUCHAE MOIITHOCTH
nepeaTynka, OCHAILCHHE NPUEMHHKA MAaJIOIIYMSIIUMU
MapaMarHUTHBIMH YCHJIUTEJISIMU, BBEACHUE JIMHEHHOW yac-
TOTHON MOYJISIIIAY, COBEPIIIEHCTBOBAHIE METOIOB BBIEIIe-
HUS CUTHAJIA ¥ T.I.) YAQJIOCh pean30BaTh TOYHOCTh U3Me-
PEHUSI MEXKIUTAHETHBIX PACCTOSHUIA BILUIOTH 10 OTHOCUTEJIb-
Holl BemmuuHbI opsaka 1078, uTo 06yciosusIo onpenenenue
ACTPOHOMMYECKON €IMHUIBI C TOYHOCTBIO TOpsaka 1 KMm.
DTa TOYHOCTH B THICSYM Pa3 Jy4llle TOYHOCTHU, TOCTUTHYTON
actpoHomuyeckumu Metojgamu. Ha XVI TenepanbHoit
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accambiiee MEXIyHAPOIHOTO ACTPOHOMMYECKOTO COHO3a
(1967 r.) ObL1O MIPUHSATO, uTO | a.e. = 149597870 £+ 2 km pu
cKopocTH cBeTa ¢ = 299792558 + 1,2 M ¢c~!. Bpems pacmpo-
CTpaHEHUsl PAJAMOBOJIH OIPEHEIISJIOCh CO CTOJb BBICOKOM
TOYHOCTBIO, UTO MPH MEPECUeTe Ha PACCTOSHUE CYIIECTBEH-
HOM OKa3ajach TOYHOCTb 3HAHUSI CKopocTu cBeTa. CienyeT
3aMEeTUTh, YTO PaJUOJOKAIMOHHbIE UCCICTOBAHUS IJIAHET
npoxoauin ogHoBpeMeHHO B CCCP u CIIIA. CymmectBoBaio
COTIEPHUYECTBO HAYYHBIX TPYIII, W, €CTECTBEHHO, MHOTHE
pe3yabTaThl ObLIIN aHAJIOTUYHBIMH.

ITomumo Beneprl npoBoauiace paauosiokanus Mapcea,
Mepkypusi u FOnurtepa. JlaHHbIe 3THX HU3MEPEHHH TaKXke
HCIOJB30BAJIMCH JI1 YTOUYHEHUS] BEJMYMHBI aCTPOHOMUYE-
CKO# emuHHIBI. BBICOKasi TOYHOCTH paJnOJIOKAIIMOHHBIX
W3MEPEHHH MO3BOJIMIIA TIOCTPOUTh TEOPHUIO BUKEHHMS ILIa-
HeT, 0oJjiee TOYHYIO, HEXEJM TEeOpHs, IMOCTPOSHHAs Ha
ONTHYECKUX IAHHBIX. JIJIs1 IOCTPOEHUS 3TON TEOPUU NPUILI-
JIOCh YYUTBIBATH AP PEKThI 0011 TEOPUU OTHOCUTEIHLHOCTH.
TeM caMbIM paInOJIOKANNS IJIAHET CTaJla OJHUM U3 CIOCO-
60B, MO3BOJISFOIINX POBEPATH BLIBOIBI 9TOW TEOPUH.

Pagnonokanmonnble HAOIFOICHUS TO3BOJIMIM YTOYHUTH
npyrue mapamerpsl IuiaHeT. OcoOGeHHO 3TO OTHOCUTCS K
Benepe, 11 KOTOpOH yAa10Ch YTOUHUTE €€ paauyc, NEpUO.
¥ HampaBJieHHWe BpalleHus. B uyacTHocTH, OBLIO yCTaHO-
BJICHO, YTO BpallleHue BeHephl sBJISIeTCS OOpaTHBIM (IO
OTHOIUICHHIO K HATIPABJICHHIO ee ABMXeHus Bokpyr CoJHia)
u niepuoy paseH 243,04 cyr. UHTepecHO OTMETHTB, YTO 3TO
3HaYeHUEe BecbMa OJIM3KO K CHHOAMYECKOMY DPE30HAHCY C
nepuoaoM Bpatenus 243,16 cyt, npu kotopom Benepa npu
KaXJIOM HIDKHEM COeIMHEHUH ObLIa ObI oOpaieHa Kk 3emiie
OIHOW W TOW >xe CTOpoHOM. Boiyiee moapoOHOE omucaHue
pPE3yIbTATOB PAJAUOJIOKAINH TUIAHET MOKHO HAWTH, HATIPH-
Mmep, B [18].

5. Paauosiokannonnoe kaprorpagupoanne Benepol

IIpu ocymecTBIeHUU 3TOW padOTHI, MPHUHECHIEH CIaBy
COBETCKON KocMmmueckoit mporpamme, B.A. KoTenbHukos
He sBJsUICS (popMasnbHBIM pykoBoauTesaeMm. OpHako 06e3
€ro aKTHUBHOI'O Y4acTusl IporpaMma paguoSIOKAMOHHOTO
kaprorpadupoBanust BeHepbl Bpsia i ObLIa ObI peasin3o-
BaHa. 31ech HEOO0X0aUMO ObLIO "CHHXPOHM3UPOBATH',
nmoMuMo VIHCTHTYTa DPAaIMOTEXHWKH M JJieKTpoHukn AH
CCCP, paboty Hay4HO-pOU3BOJACTBEHHOTO OOBEIMHEHUS
uMm. C.A. JlaBoukuHa, OcoOOTro KOHCTPYKTOPCKOTO OIOPO
MOCKOBCKOI'O 3HEPreTHYECKOTO MHCTUTYTA U psjia IPYrHX
MIPOMBIIIJICHHBIX ¥ AKaJIEMUYECKUX OpraHU3anuil. DTo ObLIO
MO/, CUJIy JIMIIb TAKONX MOIIIHOM U AaBTOPUTETHOW JIMYHOCTH,
kaxoit 6611 B.A. KOoTeTbHUKOB.

B 1983 r. ma opOutTy Bokpyr BeHephl ObLIM 3aImmyIieHBI
UCKyccTBeHHbIe criyTHUKM "Benepa-15" u "Benepa-16", na
GOpTY KaXIOro U3 KOTOPBIX HAXOMMJICS PaIuoJIOKaTOp C
CHHTE3WPOBAHHOU anepTypou u BeicoToMep. Pannomokatop
MO3BOJINJ TOJIYYHTh U300pakeHNe MOBEPXHOCTH ILIAHETHI,
MEPMAHEHTHO 3aKPBITON 00JIaKaMU M TOTOMY HEBHJIUMOU B
ONTHYECKOM Jrana3one. TakuM 00pa3oM yAaaoch HOJTyIUTh
KapTy MOBEPXHOCTH IIAHETHI C MIPOCTPAHCTBEHHBIM pa3pe-
meHneM 1—2 KM, a BbICOTOMEp OOeCHmevYMmJI TOJIyuYeHHE
NAaHHBIX O pesbede ¢ pa3peliaroeil CrocoOHOCTBIO IO
BbicoTe 230 M. Tem camMbIM 4esT0BE4YECTBO BIIEPBBIE y3HAJIO
KaK yCTpOEHA IMOBEPXHOCTh CEBEpHOW 4acTH BeHepbl Ha
miomamy 115 M km? (25 % obuieit miomaan Benepsr).
PesynbTar, HecoMHeHHO, ObL1 BhImarormMcs. CoycTsi He-
CKOJIBKO JIET 3TH UCClieoBaHus ObLM npoaosnkeHsl B CIITA
Bo Bpemst muccun "Magellan", xorja yaanaoch MmoJIyYdTh

U300 pakeHNs TIOYTH BCeil MOBEPXHOCTU BeHEephI C MpoCTpaH-
CTBEeHHBIM pa3penienuemM nopsiaka 100 m. IlmanupoBanue
9TOH MHCCHU TPOBOAMIIOCH YK€ C YYEeTOM pe3yJbTaTOB
COBETCKO# KocMHUueckoll mporpamMmsbl. bojee moapoOHOe
omucanue pe3ynbratoB muccun "Benepa-15", "Benepa-16"
MOXHO HalTw B [19].

3aMeTuM, YTO MOMHMMO CaMOH pPaaMOJIOKAIIMOHHON
CBEMKH MPOOJIeMOil SBJIJIUChL 00pabOoTKa JAHHBIX PagHo-
JIOKATOpa M MOCTPOeHHEe N300 pakeHus! TtaneTel. OmHOI 13
caMbIX CIJIOXKHBIX omepanuii oOpaboTKH B TO BpeMsl ObLI
(dypbe-ananm3. VimeBiimecs B pykax mcciemoBateseid 9BM
OBLIM CJIMIIKOM MAJIOMOLIHBI [JISl BBIIOJIHEHUS 3TOU Ome-
panun B pazymMHoe BpeMsl. Hemapom Torga eme HCHOJb-
30BAJIMCh ONTHYECKUE MPOIECCOPHI AT 0OPabOTKI JAHHBIX
pazapoB ¢ CHHTE3UPOBAHHOM anepTypoi, B KOTOPBIX pyphe-
npeoOpa3oBaHue PaJHOJIOKAIMOHHON TOJIOTPaMMBI  OCY-
IIECTBJISUIOCH C MOMOIIBIO JIMH3BL. YUYACTHUKAMHU MPOCKTA
ObLT pa3paboTaH U CO3/1aH CHENUATBHBIN (ypbe-TIPOIECCOp,
KOTOPBIN MO3BOJIHII IOBECTU CKOpocTh IBM CM-4 1o aTomy
anroputMy 1o 5 x 107 omepammii B 1 ¢ u TeM caMbiM
MMPOU3BECTH MOJIHOCTHIO MUPPOBYO 00pabOTKY paIMoJIoKa-
IIMOHHBIX JAHHBIX U MOCTPOCHUE U300paXKeHUs! MOBEPXHO-
ctu. Do 6bu1 IepBeiid B CCCP onbIT nuppoBoit 06padboTku
PaJMOJIOKAIIMOHHOTO H300paXKeHusl, KOTOPBI B JajIbHEH-
IIIEM KCIIOJIb30BAJICS JIJISI CO3JIaHUsI TIPOrpaMM 00paboTKu
JaHHBIX pagapa "Anmaz".

6. 3akouenne

B cTos1b KpaTKOM COOOIIEHNH TPYIHO OMMCATDH BCE PE3YJib-
TaThl AEATEILHOCTH YeJIoBeKa, momoonoro B.A. Korennuu-
KOBY 10 MacmTady u TiyOMHe MbIIUIeHHs. MBI He KOCHY-
JIUCh, B YACTHOCTH, €T0 GYyHIaMEHTATbHBIX paboT B 00J1acTH
KpunTorpaduu, ero poJid B IPOSKTUPOBAHUU U CO3/IAHUH B
JIOBOCHHOE BpEeMSI CHUCTeMbl paauocBs3u MockBa— Xaba-
POBCK, €ro BKJIaJla B TEOPHIO MAPAMETPUYECKUX YCHIIUTE-
JIeH, ero poJIM B CO3/IAHUU CHCTEM CBSI3H C TJIyOOKO IOTpy-
JKEHHBIMH TIOJBOJHBIMH JIOJKAMH U MHOTOTO JPYroro.
Crnenyer yka3atb, yTo B.A. KoTebHUKOB He pa3 sIBIISICS
MHUIMATOPOM HOBBIX HAIpaBJIEHUH HCCIENO0BAaHUM, IPOBO-
nuMbIx kak B PO PAH, rme o MHOrHMe TOIBI OBII
IUPEKTOPOM, TaK U B ApYrux opranmsanusx. Ocobo ciemyet
OTMETHUTD €T0 POJIb B pA3BUTUN KOCMUYECKUX HCCIIEIOBAHNUM,
KOTOPYIO OH OCYIIECTBIISLT OYy4d BHUIIE-IPE3UAEHTOM AKa-
nemun Hayk CCCP u mpencemareneMm coseta "HTepkoc-
moc".

IMoaBoAst UTOT, MOXKHO CKa3aTh, 4TO Biagumup Asek-
canapoBnd KOTeTbHUKOB SIBJISUICS BBITAOIIMMCS YUSHBIM U
nHXeHepoM XX B. — OJIHUM U3 OCHOBOTOJIOKHUKOB ITH(]-
POBOI TEXHUKH aHAJA3a CUTHAJIOB, TCOPUH HHPOPMAIIUH,
CTATUCTUYECKON PaarodU3UKU U PATUOTEXHUKU, PAIUOTIO-
KaIMOHHOU acTpoHOMUHU. OJIUH TOJIBKO 3TOT KPATKUH Tepe-
YeHb SICHO YKa3bIBAET, YTO MBI HMEJIU AeJI0 C KpYyIMHenel B
HACTOPUU CTPAHBl M HAYKU JINYHOCTHIO, BHECIIIEH OTPOMHBIN
BKJIAJT B pa3BUTHUE HAYKH.
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B.A. KorebHuKOB
U oTe4yecTBeHHAs MG PoBaHHASI CBA3b

B.H. Cauxos

Brnagumup AnexkcanapoBuu KOTelIbHUKOB — OJUH U3
BBIJAIOIINXCS OTEUECTBEHHBIX YUYCHBIX, TPYIbl U HAay4YHAs
eI TEIbHOCTh KOTOPOTO OOOTATHJIH MHPOBYIO HAayKy H
CTaJIM KJIACCUYECKUM HacJeIMeM HE TOJIbKO JJIs Hallel
CTpaHbl, HO M Ui Bceil 0OIIeueI0BEYeCKO HAYKU U KYJIb-
TYDBL.

Cpenu mmpokoro crektpa goctmwkenuit B.A. Korenbau-
KOBA B I[EJIOM psifie 00JIacTel HayK! B TEXHUKH 0CO00e MeCTO
3aHUMAIOT PAbOThl IO CO3JAHUIO 3aCEKPEUEHHOH CBSI3U
cTpaHbl. ITpobiemamu cekpeTHOW TejnedoHUM U Teserpa-
¢unm o cran 3anmmartrbcs B 1930-x romax B CBS3U C
pa3paboTkoit annapaTypsl 3aceKpeunBaHus TejaerpadHbIX U
TeneoHHBIX Mepeaay Ha KOPOTKOBOJIHOBOW JIMHUU CBSI3U
MockBa—XabapoBck. HayuHo-TeXxHHYECKMMHU 3aJavyamMu
pa3paboTku 3acekpeunBaroliel Tesie)OHHOM annapaTypsl B
TO BpeMs 3aHUMAJIOCh HECKOJIbKO OpraHM3alUid, pe3ysbTa-
TOM [JIeSITeIbHOCTH KOTOPBIX OBLI BBINYCK MajbIX Cepuit
TAKOW anmnapaTypsl, HICIOJIb3YEMOU HA JIMHUSX CBSI3U.

B ocHOBHOM 3TO OBLIA TaKk Ha3bIBaeMasi MACKHPYIOIIAs
anmnaparypa, B KOTOpoll IpeoOpa3oBaHue peueBoro CUrHaia
IPEICTaBJISATIO COOON MHBEPCUIO CIIEKTPA PEUH, COCTOSIIYIO B
TOM, 4YTO HU3KHE YACTOTHI PEYM MHBEPTUPOBAJMCH C BBICO-
KHMH, & OCTaJIbHBIE YaCTOTHI MEPEMEIIATNCH OTHOCUTEIBHO
[IEHTpa TOJIOCH crekTpa. [Ipm TakoM mpeoOpa3oBaHUA
BOCCTAHOBJIEHHE OTKPBITOW pPEeYd NMPU HECAHKIIMOHUPOBAH-
HOM IIepexBaTe 3aCeKpEUeHHOH Iepesauyu He CO3JaBaJlo
6OJIBIINX TEXHUYECKUX CIIOKHOCTEN JJIsl IPOTUBHUKA.

3acnyra B.A. KoTeapHUKOBA COCTOMT B TOM, YTO OH
MIPEIIOKUI HCIOJIb30BATh B TeJleOHHOM anmapaTtype 3ace-
KpeunBaHus 00Jiee CII0KHbIE, HO TEXHMYECKH OCYIIIECTBUMbIE

npeobpa3oBaHus peueBoro curxnaja. Hapsny ¢ nepecranos-
KO YaCTOTHBIX TOJIOC C HMHBEpPCHEW OBbLIO MPEIIOKEHO
MPUMEHSATh BpeMeHHBIe TepecTaHOBKH 100-MUJLTUCEKYHI-
HBIX OTPE3KOB peud. YTIpaBjeHUEe YACTOTHHIMH M BPEMEH-
HEIMU TIEPECTAHOBKAMH Ha Iepeladye W IpUeMe OCYIIeCT-
BJISIOCH IMU(PPATOPOM. B YCIOBUSIX OTpaHHYCHHBIX BO3-
MO>KHOCTE TEXHUKU TOTO BpPEMEHH, JieKalleld B OCHOBE
9 GEKTUBHBIX METOI0B HECAHKIIMOHUPOBAHHOTO BOCCTAHO-
BJICHHS TMPEOOPA30BAHHON peur, METOH 3aCeKpeUMBAHUS
TeehOHHBIX Tepenad, npemioxeHHbii B.A. KoreiapHuko-
BBIM, UMeEJI IOCTATOYHO BBICOKYIO CTOUKOCTD.

Jns pa3paboTku ammapaTypbl 3aceKpeuMBAHUS Telle-
rpadHbIX 1 TeJeOHHBIX Hepenay, B TOM YHCIE C UCHOJIb30-
BaHMEM NpeoOpa3oBaHuii, npeaioxeHHbix B.A. KoTenbHu-
koBbIM, B 1939 1. B LlerTpassbHOM Hay4YHO-UCCIIEIOBATEIb-
cKkoM MHCTUTYTe Hapkomara cBsI3W OBUIM CO3/IaHBI JIBE
Jlabopatopuu. PykoBoacTBo j1abopaTopusiMu ObLIO MOPY-
4yeHo B.A. KoTenbHUKOBY.

B 1940 r. B 1a6opatopun B.A. KoTepHIKOBA Havaiach
pa3paboTka kpaiiHe HeOOXOIUMOW B TO BPEMSI NI BOOPY-
KEHHBIX CHJI TOCYJapcTBa TeIe()OHHOHN 3aceKpeunBaroIIeit
ammapatypbl. [IpuMepHO B TEUCHHE TPEX MECAIECB IMOCIE
Havasia Bemukoit OtedecTBeHHON BOWHBI OJjlarofaps caMo-
OTBEPXKEHHOMY TpPYyIy COTPYIHUKOB Jlabopatopuu ObLIU
WM3TOTOBJIEHBI M HCIBITAHBI JJA00OPATOPHBIE MAKETHI OT/IE/Ib-
HBIX OCHOBHBIX Y3JIOB aNlapaTypbl 3aceKpeunBaHus. B
TPYIHBIX YCIOBHSIX BOCHHOTO BPEMEHH, BKJIFOUYAIOIINX JBa-
Kyauuro jabopatopuu B Yy, ObUIM CO3JaHBbI OIBITHBIE
00pa3upl  Teae(POHHOM 3acCeKpeuMBAIOIIEH ammapaTypsl,
KoTopble moayunid "Goesoe kpemienue" B 1942 r., xorma
IPOBOJHBIE JIMHUU CBS3HM C 3aKaBKAa3CKHM ()POHTOM OBLIA
HapyIeHbl BO BpeMsi 6oeB B Ctanmarpane. B manpHelmem
9Ta ammapaTypa HCHOJIb30BAJIACh JJISI 3aCEKpEUUBAHUS
KOPOTKOBOJIHOBBIX KaHAJIOB CBsI3U, 1O KOTOPbIM CTaBka
BepxoBHoro ['maBHOKOMaHAOBaHMSI OCYILECTBIISLIIA CBS3b C
(¢ponTamMu. AmnmapaTypa 3aceKpeuMBaHUs Tesie()OHHBIX
nepeaay B MOCIEAYIONe TOAbI MPUMEHSIIACh U HA JIUATLIO-
MAaTHYECKUX JIMHUSX CBsI3M M OCKBBI ¢ XeTbcHHKH, [Taprmkem
n BeHoil i MpOBEJCHUSI MEPETOBOPOB IO 3aKJIIOUCHUIO
MUPHBIX JIOTOBOPOB MOCJE€ OKOHYaHUsS BTopoit mMupoBoii
BOUHBI, a TakXe IpHu npoBeaeHuu Terepanckoit, SaTUHCKOMN
u [ToTcmamckoii KoH(pEpEHIHil rJ1aB TpeX CTpaH.

CucreMbl 3acekpeunBanus TeneonHoi nHGopManuu Ha
OCHOBE YaCTOTHO-BPEMEHHEIX MNPeoOpa3oBaHUil pPEueBOro
CHUTHAJIA 11O CBOEH CYIIIHOCTH HE MOTJIM OOECIIeUUTh FapaHTH-
POBAHHOM 32U TH HHYOPMALIUH B YCIIOBUSIX 3HAYUTEILHOT O
MOBBILLICHUS BO3MOXHOCTEH BBIYACIUTEILHOW TEXHUKU U
pa3paboTKH METOI0B AeI(PPOBAHNUS 3aCEKPEUEHHBIX TeJIe-
(bouHBIX cooOmenuit. sl co3ganus annapaTypbl TapaHTH-
POBAHHOT'O 3aCEKPEUMBAHUS PEUeBOM HHPOPMAIIHN HEOOXO-
UMO OBLIO MCHOJIB30BATh MPUHLUN AUCKPETH3ALUM IPU
nepeaye CUrHAJIOB 10 KaHAJy CBSI3U U pa3paboTaTh Criocod
croiikoro mudpoBanus uHGpopmanuu B udposoii popme. B
pellieHre IepBOi 3aa4u CYIIIECTBEHHBIH BKJIA] ObLI BHECEH
B.A. KotenpaukoBwM errie B 1932 1., Korj1a oH OImyoIMKoBaJT
cratero "O nponyckHoii ciocobroctr "3pupa U npoBoJIOKH
B AJIEKTPOCBs3U", B KOTOpOH CHOPMYIMPOBAT TEOpEMY,
OTIPE/IETISIIONIYIO YCIOBHSI AUCKpeTH3auy pyHKIui u HOCS-
IIYIO TeTePhb €ro UMsL.

Bousbiioe 3Havenue 1uist co3aanus teaedonnoro mudpa-
TOpa TapaHTUPOBAHHOW CTOWKOCTH WMeJa pa3padoTka
BOKOJIEpa, OCYIIECTBJISIIOLLETO COKPAILEHUE CIEKTpa CHUI-
HaJia, 0TOOpaXxaroliero peyb, B gecsatku pas. B.A. Koreb-
HUKOB Cpa3y OIEHUJT TNEPCIeKTUBHOCTh WCIOJIb30BAHUS

© B.H. Caukos 2006
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BOKoOJIepa JJIsl 3aCeKpeueHHoU TesieoHnu, U B ero yiabopa-
TOPHH HACTOWYMBO MPOBOMINCH UCCIICIOBAHUSI IO CO3Ma-
HUIO OTEYECTBEHHOTO BOKOepa. [IepBblil, [ajIeKko HE COBEp-
LIEHHBIA 0Opaseln Takoro BokoJepa Obu1 co3mad B 1941 r. B
JAJbHEHIIIeM ero KOHCTPYKIHMS COBEPIICHCTBOBAJIACH, B
pe3yibTaTe 4ero ObUI CO3IAaH BOKOAEP C MPUEMIIEMBIMH
TEXHAYCCKUMU TaHHBIMH.

IToMuMO TIPOOIIEMBI AUCKPETU3AIMA PEYCBOTO CHTHAIIA U
€ro CKAaTHs B KaHaJle CBS3U IS CO3MaHUsl TejlehOHHON
3aCEKPEUNBAIOIIEH anmnapaTypbl FTapaHTUPOBAHHOMN CTOUKO-
CTH HEOOXOIMMO OBLIO CO3/aTh COOTBETCTBYIOIIEE IIAQ-
pyrolliee  BBICOKOCKOPOCTHOE  YCTPOWCTBO — AMCKPETHOTO
tuna. [IpuHIMIBl pa3paboTKH TAaKOro MIM(PYIOLIEro ycT-
poiicTBa ObLTH M3J10%KeHBI B.A. KOTeIbHHKOBBIM B MaIlInHO-
mucHOM pa6oTe "OCHOBHBIE MOJIOKEHUS aBTOMATHICCKOM
mmdposku", noxnucanHoit uMm 18 urons 1941 r. B aroii
pabore B.A. KoTelbHUKOB BBEJI MOHSTHE 'COBEPILICHHOM
samudposku" Kak cnocoba mudpoBaHus, IIpU KOTOPOM IO
HepPeXBAYCHHOMY IIU(PPOBAHHOMY TEKCTY HEJb3sl OIDaHU-
YATH MHOXECTBO OTKPBITBIX COOOIIEHWA, K KOTOPOMY
MPUHAJISKUT TepelaHHoe B 3aIM()POBAHHOM BUJI€ OTKPBI-
TO€ COOOIICHME.

K. lennon B 1945 r., ucnosib3ys BEpOSTHOCTHBIN 1O/I-
xo, BBell noustue "copepuiennoii cekpernoctu". Cucrema
mmppoBands obnagaer "CoBEPLIEHHOW CEKPETHOCTLIO",
€CIIM YCJIOBHAS BEPOSTHOCTB JIFOOOTO OTKPBITOIO COOOIIIe-
HUSl TPU 3aJaHHOM INH(PPOBAHHOM TEKCTE COBMAJAeT C
0e3yCIIOBHOU BEpOSITHOCTBIO.

CrienyeT OTMETHTb, YTO CUCTEMBI IIU(BPOBAHHUSI, YIOBJIC-
TBOpsomue o00ouM ompeneneHusM (1 "coBeplueHHON
sammpposku", u "coseprienHoil cekpernoctu"), cyie-
cTByIOT. IlpumMepom siBisieTcss cucTeMa IMU(GpPOBaHUsS, B
KOTOPO# aJihaBUTHI OTKPBITOTO U MU(PPOBAHHOTO TEKCTOB
COBNAIAIOT, MKM(p MpeacTaBysieT cOOOU peasin3aIuio CIIy-
JyaHOUW PaBHOBEPOSITHOU MOCIEAOBATEILHOCTH HE3aBUCH-
MBIX UCIBITAHUHA B TOM Xe andaBuTe W JJIMHA COOOIICHUN
¢ukcupoBana. Ilpm mmdpoBanum 3HAK MHUPPOBAHHOTO
TEKCTa TOJIyYaeTCss MOIYJIbHBIM CIIOKEHHEM 3HaKa OTKPBI-
TOTO TEKCTa U 3HaKa HIH(PYIOIIeil MOCIe10BaTEIbHOCTH.

C wuCrmosbp30BaHMEM IPOBEACHHBIX HCCJICIOBAHUN IO
JICKPETU3AMUK PEYCBOrO CHTHAJIA M BBIOOPA KOHCTPYKIHU
BOKOJepa KpHHTOrpaduueckd cCroiikas ammapatrypa s
3acekpeunBaHus TejeoHHON nHGOpManuy ObLIa co3aHa B
1950-x rogax. BatoTt nepuoa B.A. KotenbHUKOB nieperies Ha
paboty B MOCKOBCKHU SHEPreTHYECKHU HMHCTHTYT M CTall
3aHAMATBCS IPYTUMU HAyYHbIME podiemamu. OHAKO OH
HE TOJBKO MPOIOJDKAT KOHCYJIbTUPOBATH Pa3pabOTYMKOB
HOBOH TeJe(hOHHON 3aceKpeunBAIOIIEH ammapaTypsl, HO 1
IprHAMAaN yyactue B pabote ['ocymapcTBeHHOW KOMHUCCHA
IO MIPUEMKE ONBITHBIX 00pa3oB, PEKOMEH/I0BABIIICH BBIITYCK
OIIBITHOI CEpPHU anmapaTypbl B IPOMBIIUICHHOCTH.

Haunnas ¢ 1950-x rogoB oTeyecTBeHHAS] KpUNTOrpadus
KaKk Hayka IOJyYujia 3HAUYUTEIbHOE pa3BUTHE. B 3TOT
MepUOJI K PEIICHUIO MPOOJIeM KPUNTOrpaduu ObLT TMPUBJIC-
YeH psII M3BECTHBIX YYCHBIX M CIEIHAIMCTOB B 00JIACTH
MaTeMaTHKU, GU3UKU U IJIEKTPOHHO-BBIYUCIUTEIHLHON TeX-
Hukd. [Tog UX HAayYHBIM PYKOBOACTBOM CTald (GopmMupo-
BATBCSl HOBBbIE HANPABJICHHUS] HAYYHBIX UCCIIETOBAHUM, oOec-
MIEYMBAIOIINE TEOPETHUCCKYIO OCHOBY NMPAKTHYECKUX pa3pa-
60ToK B obusactu mmdposanns napopmanmu. KouekTusl
CIICIAAIICTOB-KPUIITOrPaoB  TMOJYYIJIM 3HAYUTEIBLHOE
[OMOJIHEHUE 3a CYeT HPUXOJa Ha paboTy MOJIOABIX BbI-
[IYCKHUKOB BEIYILHX BYy30B CTPAHBL.

ITpu MexaHuko-maTeMaTuyeckom ¢akyybrere MockoB-
CKOTO TOCYIApPCTBEHHOTO YHUBEPCHUTETA OBLIO OPraHMU30-
BAHO CHENUAJIbHOE OTAEJICHUE MO MOATOTOBKE MaTeMaTH-
KoB-kpunrorpados. OTHOBpEeMEHHO OBLIO CO3JAHO CIICIH-
aJbHOEe BBICIICE Y4YeOHOE 3aBefeHWE MO TOATOTOBKE
kpunTorpaoB ¥ CHENUAIMCTOB MaTeMaTHYECKOro, ¢u-
3UKO-TEXHMYECKOTO U CBSI3HOTO MpO(UiIs, HPEeeMHUKOM
KOTOporo ceiiuac siisiercst WHCTUTYT Kpunrtorpadun,
CBSI3M ¥ MHHOPMATHKU. BBITyCKHUKY 3THX YYeOHBIX 3aBeie-
HUl HApSIITy C BBITYCKHUKAMHU JIPYTHX BY30B B TeUCHHE psia
JMECITHJICTHI  00pa30Bajil  BBICOKOKBATH(DUIIMPOBAHHBIN
KOJIJIEKTHB YYEHBIX U CIEIMAJIUCTOB, KOTOPBIA obecnedus
YCHEIIHOe DAa3BUTHE OTEYECTBEHHOH Kkpunrorpadpuu u
HAJISKHOE 3aKpbITHE KPHUNTOTpa(UiIecCKMMHU CpeAcTBAMU
rOCYIapCTBEHHBIX, BOGHHBIX U 9KOHOMUYECKHX JIMHAN CBSI3U
crpanbl. K nHauvany 1990-x romoB B kpunrorpaduueckoin
cy)k0e CTpaHbl ObLI HAKOIUJIEH 3HAYUTEJIBHBIA HAyYHBIN
MOTeHIMAl W OOpa3oBaHbl HAyYHBIE IIKOJBI YYEHBIX U
CHELUAINCTOB, MPOBOMSIINE HCCIEAOBAHUS HA COBPEMEH-
HOM HAyYHO-TEXHHYECKOM ypoBHe. Ha ocHOBe pe3ysbTaToB
3TUX HMCCJIEI0BAHMN Obljla OpraHM30BaHA CHUCTEMa 3aILUTHI
JIOKTOPCKHX M KaH/IUJATCKUX auccepTanuii. B pesyibrare B
kpunTorpaduieckoit ciayx0e BbIpOC 3HAYUTEIbHbIN KOHTUH-
TeHT BBICOKOKBAJM(DHUIMPOBAHHBIX HAYYHBIX PaOOTHUKOB,
AMEIOIINX YUeHbIE CTENEeHH JOKTOPOB 1 KAaHIUAATOB HAYK.

B atux ycnoBusix ¢ omoopenus [pesunenta Poccuniickoit
akajemnn Hayk Ykazowm [Ipesmmenta PO B 1992 r. Obuta
co3JaHa rocyaapcTseHHast Akaaemust kpunrorpaduu Poc-
cuiickoit ®enepanmu. B Hacrosimee Bpemsi Akaaemus
kpunrorpaguu exerogHo MpoBOAUT okoyio 100 Hay4yHO-
HCCIIEIOBATEIILCKUX PA0OT, K BBHIMOJHEHHIO KOTOPBIX MPH-
Byiekarotcst 10 1000 y4eHbIX M CHenuaIncToB u3 6oJiee yem
40 HayyHBIX OpraHM3alUil CTpaHbl, BKJouasi Poccuiickyro
aKaJIeMHI0 HayK, MOCKOBCKHIl roCyIapCTBEHHBIN yHUBEp-
cuter uM. M.B. Jlomonocoa u np. CosmectHo ¢ PAH
Axanemust kpuntorpadpuu uzgaet Tpyosl no OucKpemHoi
mamemamuke. Haannaast ¢ 1997 r. BeImymiero 8 ToMoB, B
KOTOPBIX OINYOJMKOBAHBI CTATbH OTKPBITOTO COJIEPKAHUS
YWIeHOB AKaJeMUM KpUNTOrpaduu U MOJIOJBIX MaTeMaTH-
KOB-KpHITOrpados.

TBopueckoe coTpymuuuectBo B.A. KotenbHukoBa ¢
KpunTorpaduieckoit ciryk00i CTpaHbl ¢ HEKOTOPBIMH TIepe-
PBIBAMH IIPOJIOJKAIOCH B TEUSHHE BCEH €ro )KU3HU. AKTHB-
Has (asa 3TOro COTpygHMYECTBA Hpuxomurcs Ha 1992 r.,
xorjga 6nl1a coznana Axkanemus kpunrorpaduu Pocecuniickoit
Oenepanuu. B.A. KoTeJIbHUKOB ChITpal KJIFOYEBYIO POJIb B
co3aHN AKaJIeMUU KpUNTOrpaduu, akTUBHO OKa3bIBAJ el
MOJJEPKKY Ha BCEX 3Talax €€ CTAHOBJICHUS M PA3BUTHUSA.
Bwmecre ¢ npyrumu nsitero wieHamu Poccuiickoii akanemuun
HayK OH BOIIIEJ B YUCJIO €€ OCHOBATEJEH U B JaJbHEHIIEM
IPUHUMAJI HEIOCPEICTBEHHOE yYacTHe B HAYYHO! U HayYyHO-
OPraHU3aMOHHON JESITEIbHOCTH AKAaJAEMHH KpPUNTOTpa-
¢un. becenpr n nmuckyccum 4ieHoB Akamemuu ¢ Bmammmm-
poM AJIeKCaHAPOBHYEM IO PAZITUYHBIM MPOOIEMaM KPHUIITO-
rpadun, BKIOYas OOCYXIEHHAE PA3JIMYHBIX MyTeH MoCTpoe-
HUs  ycrpoiicTt  "coBepiueHHoit 3ammdpoBku", ObuIH
MHTEPECHBIMU U TUIOJOTBOPHBIMU JIJIs1 COOECETHIKOB.

Hust yBekoBeumBaHust namsitu o B.A. KoTtenpHuKOBE
pemrenneM [Ipesnanyma Akaaemun xpunrorpadun Poceunii-
ckoit denepanuu i1 aabOHKTOB MHCTHTYTA KpHNITOTpa-
¢un, cBs3u u wuHbpopMaTHku Axagemun PenepabHON
ciyk0bl 6e3onacHoctr B 2006 r. OBLIM YYPEXKICHBI [IBE
crunenauu umend B.A. KoTenbHukoBa.
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B Akagemun xpuntorpaduu CBSTO YTYT UMEHA TeX, KTO
BHEC CBOW BKJIAJI B CTAHOBJICHHUE W PA3BUTHE COBPEMEHHOMN
Kpunrorpauyueckon CiyxObl CTpaHbI, T€X, KTO CBOWMH
TpyJaM# BHEC OOJIBINION BKJIAJ B pa3BUTHE OTEYSCTBEHHOMN
kpunrorpaduu. Cpenu 3Tux UMeH ums Biagumupa Asek-
cagapoBuda KoTenbHUKOBAa — Ha OJJTHOM U3 MEPBBIX MECT.

PACS numbers: 03.67.Dd, 89.70. + ¢

KBanToBasi kpunrorpadus
u Teopemnbl B.A. KoTe/ibHHKOBa
00 0/THOPA30BBIX KJIIOYAX H 00 0TCUEeTaX

C.H. MonoTkoB

KBanToBas kpunrorpadus mnpeacTtasisiecT co00il HOBoe
HaIpaBJICHUE B PA3BUTHU CPEACTB KOHDUACHIIMATBHON TIepe-
nayn wHpopManmu. ToduHee, KBAaHTOBbIE KpHUIITOTpadmye-
CKHE CHCTEMBI MPEJICTABIISIOT COOOM CHCTEMBI pachpeesie-
HUS CEKPETHBIX KIIFOYel MeX 1y IPOCTPAHCTBEHHO Pa3/IeIeH-
HBIMHU (yAQJICHHBIMHU) JISTUTUMHBIMH IOJIb30BATEJISIMU.
OO0ecrieueHne CeKPeTHOTO PACIPOCTPAHEHUS KJIFOYeH MEX Iy
TaKUMHU MOJIH30BATENISIMA UTPAeT MPUHIUIHAIBHO BAXKHYIO
poab B xpuntorpaduu. Eciam ObI cymecTBoBaa cnocod
pacupocTpaHeHus (mepemayd) CEKPETHBIX KIIFOUed OT
OJIHOTO JISTUTUMHOI'O TOJIb30BATENS K APYrOMY IO OTKPBI-
TOMY (HECEKPETHOMY) KaHAJIy CBSI3U C TApAHTHEH TOTO, YTO B
IpoIIecce Tepeavur KJIFOYU He CTAaHYT U3BECTHBI MOACITYIIIH-
BATEJIIO, TO B 3TOM cllydae Obl1a OBl BO3MOXHA Tepemaya
3amU(POBAHHBIX C MOMOIIBIO 3THX KJIOYEH COOOIINCHHH,
KOTOpbIE MPHUHIUMUAAIBLHO HE MOTYT OBITh JeMU(pPOBAHBI
(B371OMaHBI) TPETHUMH JIIaMU. Takue TPUHIUNUAIBEHO HE
Jerm@pyeMble CUCTEMbl HA3bIBAKOT A0COJIFOTHO CTOMKUMHU,
UM CUCTEMaMM IH(PPOBAHUS B pPEXMME OTHOPA30BOTO
61okHoTa (one time pad). [To3mHee Takue mU@PHI CTAU
HA3bIBATH COBEPIICHHBIMHU.

CHayaJja KpaTKo KOCHEMCS UICTOPUH BOIIpOca.

BrniepBrie cTporoe o60ocHOBaHHME TOro (pakTa, YTO CHC-
TeMbl IIM(PPOBAHUS C OJHOPA30BBIMHU KJIIFOUAMU SIBJISIFOTCS
a0COJIIOTHO CTOWKHMMHM, OBLIO IMOJYy4YeHO B pabore Biamwm-
mupa Ajekcaaaposnia KortenbHnKOBa. DTa padborta, 3aK0H-
YeHHasl 32 HECKOJIbKO IHel A0 Havaja Benukoit Oteuect-
BEHHO BOWHBI 22 utoHs 1941 1., BOIILIA B OJUH U3 3aKPBITHIX
OoT4YeTOB [1] M 4O CErOJHSIIHETrO JHS HE OMyOJMKOBaHA B
OTKPBITOU MEYATH.

[MapamrebHO W HE3aBHCHMO BOIPOCHI TEOPETHUECKON
croiikoctn mudppoB m3ydasmch Kiomom IllenHOHOM
(C.E. Shannon). Pe3ynbTathl ero wuccienoBaHUi ObLIn
NpeACTaBlIeHbl B 3akpbiToM orTveTe "A Mathematical
Theory of Cryptography", matupoBanHoM 1 ceHTAOPs
1946 r. Ilocne oxoHYaHMS BOWHBI 3TOT OT4YET OBLI pac-
cekpeueH ' m omybimkosaH B 1949 . B Buje crathu "Com-
munication Theory of Secrecy Systems" [2], koTopas cTaia
IIUPOKO U3BECTHBIM KJIACCHYECKUM TPYIOM IO TEOpEeTHYe-
CKOU KpUnTOrpaduu.

! 311ech MMeeT CMBICIT YIIOMSIHY Th BBICKA3BbIBAHHE OJHOTO H3 OCHOBATEJIEH
kpunrtorpaduu ¢ OTKpeIThIM KirouoM Y. duddu (W. Diffie), mo MueHuro
kotoporo pabora K. IllenHoHa, BO3MOXHO, ObLIa PACCEKPEYEHA OIIM-
6041HO (cM. mpeaucioBue k MoHOTpadun B. Schneier Applied Cryptograp-
hy, John Wiley & Sons, Inc., 1996).

WNnes, ouyeHb Oim3kasi maee pexuMma IU(BPOBAHUS C
OHOPA30BBIM OJIOKHOTOM, ObljIa BbICKa3aHa eiie B 1926 r.
B pabore Bepuama (G.S. Vernam) "Cipher Printing Tele-
graph Systems for Secret Wire and Radio Telegraphic
Communication" [3], rJie yTBep*)AaJI0Ch, MPaB/Ia, 0€3 KaKuxX
ObI TO HU OBLIIO MATEMATHYECKHX OOOCHOBAHMIA, YTO MM (PHI
¢ "GerymmM" ciydaiiHpiM KiirouoM (running key) OymayT
abcomotno He apemmdpyemeimu: "..If, now, instead of
using English words or sentences, we employ a key composed
of letters selected absolutely at random, a cipher system is
produced which is absolutely unbreakable" 2.

Bnarogapss wuccinemoanusiMm B.A. KotenbHukoBa U
K. lllenHOHa BO3HMKJIO YETKOE ¥ CTPOTO€ NOHUMAHKE TOTO,
KaKUM YCJIOBUSIM JOJDKEH YIOBIETBOPSITH A0COTIOTHO CTOM-
Kuit udp.

Hedopmanbro, mmdp siBisieTcst aOCOJIOTHO CTONKUM,
€CIIH:

1) KJIFOY CEKpeTeH — HU3BECTEH TOJBKO JICTHTUMHBIM
MOJIb30BATEISIM,;

2) IMHA KJFoYa B OMTaX He MEHbIIIE IJTUHBI COOOIICHUST;

3) KJTIOY CTy4aeH;

4) KJIFOU MCTIOJIb3YETCS TOJILKO OJUH pa3.

B atom ciydae 3anmppoBaHHOE COOOIIEHAE CTATUCTUICCKU
HE3aBUCUMO OT UCXOJHOTO COOOIICHHUSI.

[punnunuaipHasi pobeMa MpH pean3anuy KPUIITO-
CHCTEM C OJHOPA30BBIMH KJIFOYAMH COCTOUT B Teperade
(pacpoCTpaHEHUM) CEKPETHBIX KJFOUEH MeXIy yIaJieH-
HBIMH JISTUTUMHBIME OJIb30BATEIISIMHL.

Kirou Mexay TaKUMH MOJIb30BATEISIMU JOJDKEH IIepe-
JIaBATHCSl C TIOMOIIBIO KAKOTO-TN00 (PU3MYecKoro chrHaia
4Yepe3 OTKPBITHIA (T.€. JMOCTYNHBIA MJIs MOJICITYIIMBAHUS)
kaHa cBsi3u. C TOUYKH 3pEHHS KIaCCHYECKOM (pu3mku B 3TOM
cilyyae He CYIIECTBYET 3allpeTOB Ha M3MEpEHHe INeperaBae-
MOro cHrHaia 0e3 ero Bo3myieHus. [103TOMy NPUHIHUITH-
aJIbHO HEBO3MOXHO TapaHTHPOBAaTh CEKPETHOCTh KIIFOYA
[IPH €T0 PACIPOCTPAHECHHH.

Ecnm xe mepenaBaTh KJIFOYMA C MOMONIBIO KBAHTOBBIX
COCTOSIHUI, TO BO3HUKAET MPUHIMIHUAJILHO Npyras, OoJjiee
UHTepecHas cutyanus. KBantoBas kpuntorpadusi, OCHOBaH-
Has Ha (DYHIAMEHTAJIbHBIX 3aMPeTax KBAHTOBOI MEXaHUKH,
OTKPBIBACT BO3MOXKHOCTH MEPEIAYd KJIFOYCH C MOMOMIBEO
KBaHTOBBIX COCTOSIHUH, CEKPETHOCTh NMPH 3TOM TapaHTH-
pyeTcst GyHAaMEHTATbHBIMY 3aKOHaMU Mpupoasl. Ciemosa-
TEJIEHO, KBAHTOBAsI KPUNTOT padusi MO3BOJISIET Peain30BaTh
abCOJIFOTHO CTOMKHME CHCTEMBI IU(PPOBAHHS C OJHOPA30-
BBIMH KJIFOYaMH, MCTOKH KOTOPBIX BOCXOIAT K paboram
I'. Bepnama, B.A. KorenpaukoBa u K. Illennona. Cobct-
BEHHO HJIes] KBAHTOBOW KpunTorpaduu Kak pa3 W Hampas-
JIeHa Ha pelleHne NEeHTPAJIbHON NpOOJIEMBI KPHUITOTrpa-
¢bur — 3amaud pacHpOCTPAHCHUS CEKPETHBIX KIIFOYCH.

BriepBble uiest KCIOIb30BATh KBAHTOBYIO MEXaHUKY IS
3ammThl HHbOpManun Obla BeickazaHa S. Wiesner B 1973 r.
(unmes "kBanTOBBIX" IeHET), HO ObLIA ONMyOIMKOBaHA [4] JTUIITH
ciycTst mecsiTiiietue. HTEpecHO OTMETUTb, YTO WJIEH HC-
MOJIb30BAHUS KBAHTOBOW MEXaHUKH JIJIs 3aIIUThI HHPOpMAa-
UM MTOSIBIJIUCH PAHBIIIE, YeM KJIACCHYECKasi KPUIITOTpadusi
OTKPBITBIM KJIFOUOM |35, 6].

Bo3HUKHOBEHME KBAHTOBOW KpHITOrpaduu CBS3aHO C
onyoOymmkoBanueM B 1984 r. 3ameuarteiabHOU paboThl BeH-

2" . Eciu e, BMECTO MCNIOJIb30BAHMUS AHIJIMICKUX CII0B M IPEII0KEHUIA,
MBI BOCIIOJIb3YeMCs KJIFOUYOM, COCTABJICHHBIM U3 OYKB, BBIOPAHHBIX
a0COJIFOTHO CIIy4aliHBIM 00pa3oM, TO MOJIyuYeHHas cucreMa Imdposa-
nus 6yeT abcosroTHO cTolKOi". (ITepesod ped.)

© C.H. Mogotkos 2006
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Hera u bpaccapa, B kKOTOpoi ObLI TpPEIJIOKEH NepBbIA
kpunrorpaduueckuii mpotokon BB84, craBmmii Bnocien-
CTBUU KJIACCHYECKUM [7].

KBanTtoBast kpunrorpadusi, WA pacnpoCTpaHEHHe CEeK-
PETHBIX KJIFOUEH, B MPHHIHUIE MO3BOJIIET pPEaiM30BaTh
a0bcoroTHO cTolikue (He memmdpyemMble OACTYIINBATEIEM
JIaXKe TEOPETUYECKH) CHUCTeMbI IU(POBAHUS C OJIHOPA30-
BBIMH KJIFOYaMu. CeKpeTHOCTh KJIFoUell B KBAHTOBOW KPHII-
Torpadun OCHOBaHA Ha (HyHAAMEHTAJIbHBIX 3allpeTaxX KBaH-
TOBOW MEXaHUWKH: 1) HEM3BECTHOE KBAHTOBOE COCTOSHHE HE
MOXeT ObITh cCKonpoBaHo (no-cloning-teopema [8]); 2) mapa
HaOJII0JaeMbIX, KOTOPBIM OTBEYAIOT HEKOMMYTHPYIOIIHE
9PMUTOBBI OMNEPATOPBI, HE MOXET OBITb OJHOBPEMEHHO
JIOCTOBEPHO Pa3JIMIAMAa, UTO SIBJISIETCS CJIEICTBUEM COOTHO-
mmieHnid HeompeaeeHHocTu [ eisenOepra [9], wimm, ToBOpS
Oosnee (QopmalibHO, HEKOMMYTHUPYIOIIME ONEepaTophbl HE
MOT'YT UMETh OOLINX COOCTBEHHBIX BEKTOPOB. B KBaHTOBOM
kpunTorpaduu B kauecTBe HAOIIOTaEMBIX BHICTYNAIOT MaT-
pUIBl TIOTHOCTU HMHGOPMANMOHHBIX COCTOSHHM, COOT-
BETCTBYIOIIMX KiaccmieckuMm Outam 0 wm 1. sl 9mMCTBhIX
COCTOSIHUH OJTHOBpPEMEHHAsi HEHAOJIF0AaeMOCTh (JJOCTOBEP-
Has Hepa3IMYMMOCTb) MATPHIl IJIOTHOCTH 3KBHUBAJICHTHA
HEOPTOTOHAJILHOCTH HH(OPMAIIMOHHBIX KBAHTOBBIX COCTOS-
it [9]. Cxa3zaHHOEe O3HAYAET, YTO HE CYIIECTBYET M3MeEpe-
HUiA, KOTOpbIE C BEPOSITHOCTHIO | TO3BOJSIIOT Pa3IniaTh
OJIHO M3 Mapbl HEOPTOTOHAJILHBIX COCTOSIHUIN U Tak, YTOOBI
HOCJIe I3MEPEHNS CUCTEMa OCTaJIach B ICXOTHOM (HEBO3MY-
IIEHHOM) COCTOSTHUH.

Taxum o6pa3zom, JIr0OOE U3MEPEHUE, €CId OHO JaeT
uHQOPMAIUIO O TEePeIaBaeMbIX COCTOSHUSIX, HEM30EKHO
MPUBOJUT K UX BO3MYIICHHUIO, YTO IMO3BOJISET JETEKTUPO-
BaTh JIFOOBIC TOMBITKH MOACITYIIMBAHUS B KaHaje CBSI3H.
Jpyrumu clioBaMu, NOJCIYIIABAHUE (COOTBETCTBEHHO BO3-
MYIICHHUE TEPEIaBAEMbIX COCTOSHHM) JOJDKHO HEM30EXKHO
U3MEHSTh CTATUCTUKY PE3yJIbTATOB U3MEPEHHH HA MPHEM-
HOM KOHIIE 1O CPaBHEHHIO CO CTATUCTHKOW pe3yJIbTaTOB
M3MEPEHN Ha HEBO3MYILIEHHBIX COCTOSHHSIX. MckaxkeHue
KBaHTOBBIX COCTOSIHUII BO3HMKACT B HEUICAJTHLHOM KBAHTO-
BOM KaHaJle, YTO TAK)Ke IPUBOIUT K U3MEHEHUIO CTATUCTUKU
pe3yabTaTOB U3MepeHuid. B KBaHTOBOU kpumnrorpaduu
OPUHIUINAAILHO HEBO3MOXHO DPA3JIHMYUTh U3MEHHJIACH JIU
CTATUCTHKA PE3YyJbTATOB IO CPaBHEHHIO C TAaKOBOW B
neaIbHOM CiTydae 3a CUeT IlymMa B KaHaJjle I BCJICACTBHE
JIeCTBUN MOJCIYLIUBATENS, TOATOMY JHOOBIE M3MEHEHUSs
CTATUCTUKK IPUXOJUTCSI OTHOCUTD K I€HCTBUSIM MOACIYIIIN-
BaTEIIS.

Ecnm OBl 3aKOHBI KBAaHTOBOW MEXaHUKH ITO3BOJISUIH
OOHAPYXKUBATH TOJILKO caM (DakT BO3MYIICHUS TeperaBae-
MBIX COCTOSIHUH, TO 3TO ObLIO OBl MAJOWHTEPECHBIM JIJIS
nesied kpunrorpaduu, TouHee, nepeaauu kiroueit. Keanmo-
8451 MEXAHUKA NO360AACI HEe MOALKO 00HAPYIHCUBAMb 803 MY-
wenue coOCMoAHUL, HO U C6A3AMb U3MEHeHUe CIAMUCTUKU
Dpe3yAbmamos  uzMepenuti ¢ KoAuecmeom ungopmayuu,
KOmopoe Modcem 0blmb NoAy4eHo noocayuwiugamenem npu
HAOAH00AeMOM UBMEHEHUY CIAMUCIUKY OMCYenos no cpag-
HEHUIO cO CIMAMUCuKotl 8 UOeaibHOM cayude.

B xBaHTOBO# KpunTorpapuu KpoMe KBAHTOBOT'O KaHAJIa
CBsI3M (B PEAJIbHBIX YCJIIOBHUSX 9TO JINOO ONMTOBOJIOKHO, JTHOO
OTKPBITOE IPOCTPAHCTBO), II0 KOTOPOMY HepeTatOTCsl KBaH-
TOBBIE COCTOSTHHSI, HEOOXOIUM TAK)XEe OTKPBITBIN KJIacCHye-
ckuil xaHan cBs3u. [locienuuii TpeGyeTcst 111 BBISICHEHUS
JISTHTUMHBIMHU TIOJIb30BATENISIMH U3MEHEHHH CTATUCTHUKU
OTCYETOB M KOPPEKIIMU OIIMOOK B MEPBUYHOM KIFOUE, TIepe-
JTAHHOM T10 KBAaHTOBOMY KaHAJTY CBSI3H.

EnuncrBenHoe TpeOoBaHuE, IPEABIBIIIEMOE K KJIaccuye-
CKOMY KaHaJy CBSI3U, COCTOMT B TOM, YTO IMepeaaBaeMasi
OTKPBITO M IOCTYNHAsl BCEM, BKJIIOYAs MOJICITYIINBATENS,
KJIacchueckass MH(pOpManuss He MOXeT OBITb H3MeHeHa
MOACIIYIINBATENIEM — OHA JIOJDKHA COXPAHSATH IIEJIOCTHOCTD
(Tak Ha3pIBaeMbIil unjamable channel) [7]. Takoii OTKpBITHIN
KJIACCUYECKUH KaHaJl SIBJISETCs,, KOHEYHO, MaTeMaTHYeCKON
uneaymm3anueir. st coxpaHeHUs] LEJIOCTHOCTH OTKPBITO
nepeaaBaeMbIX KJIACCHYECKUX TAHHBIX B PEabHBIX YCIO-
BHSIX HEOOXOIMMO HCIOJIB30BATH MPOIEAYPHI Ay TeHTH(HUKA -
OUU U KOHTPOJISl LEJOCTHOCTH AaHHBIX. [{y1s momoOHBbIX
poLeayp, B CBOIO OYepeab, TPEOYETCs] CEKPETHBIM KIIIOY.
Ecnu B kauecTBe OTKPBITOIO KJIACCHYECKOT O KaHajIa UCTIOJIb-
3yetcs, HanpuMep, VIHTepHeT, TO [ mesell ayTeHTuduka-
UM BO3MOJXKHA TeHEpaIus KIItoYel 1mo cxeMe XeJuIMaHa —
Hubodu [5]. OmHako ecau sl OTKPBITOTO KJIACCHYECKOTO
KaHaJia UCIOJIb3YEeTCs Ta )K€ camasi ONTOBOJIOKOHHAS JIMHUS,
4TO U JJISI KBAHTOBOTO, TO TeHepanus KJItouel 11sl ayTeHTH-
¢ukarmu o cxeme Xeyuimana — J{uddu oxaspiBaeTCs HENMPH-
eMJIEMOM M3-3a OYEBUIHON TaK HA3BIBAEMOU aTakd "man in
the middle" (4eoBex mocpeaune).

B Takoil cutyanuu TpeOyercss HeOOJBIIONH CTAPTOBBIM
KJIFOY OJIMH pa3 Mpu NnepBoM ceaHce. [Ipu mociemyronmx
ceaHcax 3TOT KJIFOY BIOPACBIBAETCS, U ISl Ay TEHTU(DHUKAIIN
U COXPAaHEHHs UEJOCTHOCTH [aHHBIX, MEePeaaBACMBIX IIO
KJIACCHYECKOMY KaHAaJIy, UCHOJIb3YETCs 4acTh KJIFOYa, CreHe-
PUPOBAHHOTO 110 KBAHTOBOMY KaHAJIy B IPEIBLAYIIIEM CEaHCe
obMmena. OcranbHas, 60JbIIAs YaCTh KJIFOYa, MOJYYEHHOTO
10 KBAHTOBOMY KaHaJy, IpeIHa3HaYaeTcss COOCTBEHHO IS
muppoBanus nepegaBaemMoit unpopmanuu. Eciu ajis ayTen-
THQUKAIUU ¥ COXPAHEHHUs LEJIOCTHOCTH HAHHBIX IMPHMe-
Hsrotest iponenypsl Ha ocHoBe 'OCT P 34.11-94 [10], To
JUUTMHA CTAPTOBOTO KJIFo4a cocTasisieT 256 out. [Ipu atom B
TEUeHUE HECKOJILKUX CEKYHI OOMEHa 110 KBAaHTOBOMY KaHAJLy
MOXeT OBITh TOJIyYCH HOBBIM CEKPETHBIA KJIFOY, ropa3/io
0oJlee UIMHHBIN, Y€M UCXOIHBIMN.

Pazymeercsi, CTapTOBBIHA KJIFOY MOT OBl OBITH HCHOJIB30-
BaH Ui MH(POBAHUS HOBOT'O KJIKOYA WM MEpeavyd ero
BTOPOMY JIETUTUMHOMY I10JIb30BaTe k0. OIHAKO MIPU 3TOM
a0COJIIOTHASI CEKPETHOCTh HOBOI'O KJIFOYA T'apaHTHPYETCS,
JUIIb KOTAAa €ro [JJMHa He OoJjiee [JIMHBI KJIOYa, Ha
KOTOpOM OH mmudpyercs, T.e. Oojiee IIMHHOTO KJIF0Ya, YeM
WCXOJIHBIN, TIOJYYUTh HeNIb3s. B KBaHTOBOUW KkpunTorpadun
CTapTOBBII KJIFOY HE HCHOJIB3YETCSl HAINPSMYIO IS Tepe-
Jlaydl HOBOTO KJIFOYA, KOTOPBIA IeHEpUPYETCs MO KBAHTO-
BOMY KaHayy CBsi3u. [Ipu 3TOM 4YHCIIO OUT OTKPBITOU
nHbOpMAINH, TIEPEeIAHHON MO OTKPBITOMY KJIACCHYECKOMY
KaHaJIy Ha OOWH OUT HOBOTO CEKPETHOTO KJIFOYa, MOXET
OBITH C/IEJIAHO MEHBIIE SIMHUIIBI, IOITOMY BO3MOXHO pac-
IIMPEHHE KIIFoYa.

ITonxon ¢ HCMOJIB30BAHUEM HEOOJBIIOIO CTAPTOBOTO
KJIFOYa TPEANOUYTHTENbHEE MOIXOJ0B Ha OCHOBE aJITOPHT-
MOB aCHMMETPHUYHOI KPUNTOTpaduH C OTKPHITHIM KJIFOUOM,
TIOCKOJIbKY HO3BOJISIET CBECTH K MUHUMYMY YHCJIO CEAHCOB
0OMEHA 0 OTKPLITOMY KaHaJTy CBS3M B Iporecce "unctku" u
YCUJICHHSI CEKPETHOCTH KJroua (privacy amplification).

OcHOBHasl 3ajaya TEOPUM CBOJIUTCS K BBISICHEHHIO
JUTMHBI CEKPETHOTO KITF0Ya, KOTOPBIA MOXET OBITH MOJIyYEeH
MpH HAOJIIOTaeMBIX U3MEHEHUSX CTATHCTUKH pPe3yJIbTaTOB
W3MEpPEHN Ha MPUEMHOM KOHIIE 110 CPaBHEHUIO CO CTATH-
CTHKOW Ha HEBO3MYIIEHHBIX cocTosiHMsX. Kak mnpasuio,
BEJIMYMHOM, KOTOpash XapaKTepU3yeT OTKJIOHEHHE CTATHU-
CTUKM WU3MEPEHHUU OT WJICAJIbHOW, SIBJIseTCs HaOJIrogaemMast
BEPOSITHOCTD OIIMOKH HA MIPHEMHOM KOHIIE, TOYHEE, BEPOSIT-
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HOCTBb TOTO, YTO TepeAdaHHblid 6uT ObLI 0, a 3aperucTpupo-
BaH kak 1, u Haobopot. Takas cuTyanuss UMeeT MECTO B
IMAPOKO MpuMeHsieMoM TipoTokojie BB84, xoTst BO3MOKHBI
W JIpyrue KpUTEPHUH W3MEHEHUs CTATHCTUKU, KOTOpBIC
HCIOJIL3YIOT HECKOJIBKO MmapamMeTpoB. Ilepen BbISICHCHHEM
BEPOSITHOCTH OIIMOKU Yepe3 OTKPBITHIM KaHaJl MPOUCXOIUT
cpaBHeHHMe 0a3MCOB HA MPUEMHOW W TNEpe/Iaroledl CTOPOHe
(nns mpotokona BB84 [7]) uam packpbITe MO3UIMEA Ha
MPUEMHOI CTOPOHE, T/Ie UMEJI MECTO Pe3yJIbTaT U3MEPEHUI
C HeompelesieHHBIM HcxogoM (s mpotokosia B92 [9]).
BeposiTHOCTh  OIIMOKU OIICHUBACTCS MYTEM CpPABHEHHUS
4yepe3 OTKPBITHIA KaHAT YaCTU MOCIEAOBATEIbHOCTH, TOJTY-
YEeHHOU 1O KBAHTOBOMY KaHaJly MH(pOpManuu, ¢ COOTBETCT-
BYIOIIEH 4YacThIO HCXOJIHOW, B MaJIbHEHIIEM pacKpbITas
4acTh OTOpachIBaeTcsl.

Crenyroluii 3Tan JJr060ro KBaHTOBOI0 KpunTorpaduye-
CKOTO INPOTOKOJA DPACIPOCTPAHEHUS KJIIOYEH COCTOUT B
KOPPEKIUH OMMOOK B HEPACKPBITON 4acTU MOCIIEI0BATEb-
HOCTH y JISTUTUMHBIX ITOJIb30BaTeNel MOCPEICTBOM OOMeHa
nHpopMarmell 4epe3 OTKPBITHIA KaHal CBs3H. OOBIMHO
JIETUTAMHBIX TOJIb30BaTelieil HaseiBaroT Alice m Bob, a
MOACIYIIMBATENIO NpucBauBaroT uMs Eve (oT aHri. eaves-
dropper). B pesynbrate xoppekiuu ommbok y Alice u Bob
OCTAIOTCS TTOCIEA0BATEILHOCTH OUT MEHBIIIEH JJIMHBI U yKe
onuHakoBble. "OnuHakoBble" 376Ch 03HAYAET, YTO MOCIEN0-
BAaTEJILHOCTH COBMAJIAIOT C BEPOSTHOCTBHIO CKOJIb YTOJIHO
6mmkoit k  emmHmme: 1 —2' (manpumep 1 —27200 ~
~1—=10"7 HanmOMHHMM, YTO 4YHCJIO ATOMOB B BHAUMOM
yactu Bcenennoit onenmBaercs kak 1077). IMapamerp v
BBEIOMPAETCS JISTMTUMHBIMU MTOJIH30BATEIISIMH.

[Mocne "ancTkn" MEPBUYHOTO KIIFOYA Y MTOJICITYIIIABATEIS
AMEETCSl CTpOKa OWT WJIM PETUCTP KBAHTOBOW MaMSITH C
COCTOSIHUSIMH JINOO ¥ TO, U Ipyroe BMecte. [locneauuii mar
MIPH TOJIyYeHUH (UHATBHOTO CEKPETHOT'O KJIFOYa COCTOUT B
yCcuJIeHHu cekpeTHocTH (privacy amplification [11]) — cxa-
T "ounieHHoTo" KJIFOYa ¢ MOMOIIBIO TaK HA3BIBAEMOUN
YHHUBEPCAbHOW (DYHKIIUHM XIIMIMPOBaHUS 2-TO pona (two
universal hash function [12]), xoTopas cama sBiseTCs
CIy4yailHOW BEJIMYMHOW I YK€ OJMHAKOBBLIX IOCJIENOBA-
tenbHOCTEH y Alice u Bob. Ciyuaitno BeiOupaemas pyHKIus
X3UIMPOBAHUS OTKPBITO COOOIIAETCSI OTHUM U3 JIETUTUMHBIX
MOJIb30BATENIeH Yepe3 OTKPBITHIA KAHAJ CBSI3H U CUATACTCS
BCEM M3BECTHOM, BKJIFOUAs MoACTymuBaTes. Cxatas mocie-
JIOBATEJILHOCTb OUT SIBJISIETCS ISl JIETUTUMHBIX 110JIb30Ba-
TeJiel OOIIMM CeKPETHBIM KJIFOYOM, JIJIs1 KOTOPOT'O TapaHTH-
pYeTcsi, YTO MOICIYIIABATENb UMEET O KJIF0Ue CKOJIb YTOAHO
MaJlyro HHGOPMAIIMIO IO HEKOTOpOMY, 3ajaHHOMY Alice u
Bob nmapamMeTpy cekpeTHOCTH.

EctecTBeHHBIM TpeOOBaHUEM K MPOIEAYPAM KOPPEKIIUU
OIIMOOK U YCUJICHUS CEKPETHOCTH KJIFOUA SIBJISIETCSI COXpaHe-
HUE KaK MOXHO OOJIBIIIEro Yucja OUT B PUHATIHLHOM KIIFOYE.
Eme omHo TpeGoBaHWE COCTOMT B MHHUMU3AIMU UHCIA
ceaHcoB 0OMeHa 1O OTKPBITOMY KaHAJy CBSI3U B IepecyeTe
Ha 0JIVH OUT B (UHATILHOM CEKPETHOM KJTIOYE.

[Mpu xoppekImu OmMMUOOK B MEPBUYHOM KIIFOUE 3aIava
JISTUTUMHBIX MOJIb30BATEJIe COCTOUT HE TOJBKO B HMCHpA-
BJICHAU OIIMOOK, HO TaKXe B OIICHKE BEPXHEH TIpaHHIIbI
rHGOPMAIMH, KOTOPYIO MOXET HOJYYHTh 00 OCTaBIIEMCS
KJIFOUE TIOJICITYIIIUBATEIh U3 OOMEHOB IO OTKPBITOMY KaHAITY
cBsi3H. {71 KOpPEKIMU OIMUOOK MOTYT OBITh UCIOJIb30BAHBI
pas3jIMYHbIe IPOUENYPhI, BKJIIOYAs XOPOLIO pa3paboTaHHbIE
KJIACCHYECKHE KO/bI, UCTIPABIISIFOIINE OLINOKH.

Iepeiinem Tenepb K OOCYXKACHUIO IKCIIEPUMEHTATBHBIX
peam3anmii CHCTeM KBAaHTOBOM KpUNTOTpaduu.

PazpaboTku B oOjacT KBaHTOBOW kpunrorpaduu u
peaau3aniy pa3InIHbIX KBAHTOBBIX KPUNITOCHCTEM BEIYTCS
BO MHOTHX YHMBEPCHTETAX BCEX PA3BUTHIX CTPAH U MPAKTHU-
YEeCKH BO BCEX BEIYIINX TEJIEKOMMYHHKAIIMOHHBIX KOMIIA-
HUSX. 3a TMOCIIeJIHUE TSATH JIeT KBAaHTOBas Kpunrorpadus
MPOIIJIA MYTh OT YACTO TEOPETUUECKUX MCCICIOBAHUN 0 X
IPaKTUYECKON peajiM3alluil U CO3[1aHus MEPBBIX KOMMeEpYe-
CKUX TIPOTOTHUIIOB.

Nmeroryecs: IpOTOTUBI KBAHTOBBIX KPUIITOCHCTEM HC-
MOJIB3YKOT B OCHOBHOM CJIEITYIOIIHME MPHHIUITBI KOJTHUPOBa-
HUSl KJIACCHYECKOW HMH(GOPMAIH B COCTOSHHUSI KBAHTOBBIX
CHCTEM.

1. KogupoBanue uHpopmManmum o KJIIO4e B TOJISIpH3a-
IIMOHHbBIE CTETeH! CBOOOBI [13].

2. ®a30BOE KOAMPOBAHKE C TIOMOIILIO HHTEp(epoMeTpa
Maxa—Lannepa, B KoTOpoM HH(pOpManus KOIUpyeTcs B
pa3HocTh (pa3 Ha MPUEMHOM W TIEPEIAIOIIEM TUIeUYaX HHTEP-
(depomertpa [14, 15].

3. KonupoBanue Ha OCHOBE 4YacTOTHON MOAYJISIITUKN
HecyIei 4acToThI [16].

4. KBanToBas kpunrorpadus Ha KOTepeHTHBIX COCTOS-
HUSX C UCTIOJIb30BAHUEM F'OMOJJMHHOTO JETEKTUPOBAHUS Ha
npueMHoM KoHue [17].

HaubGobpmmii mporpecc JOCTUTHYT B KPUIITOCUCTEMAX C
(a30BBIM KOAMPOBAHUEM M camMoKoMmImeHcanueit [18] ¢ uc-
moJIb30BaHueM dapaaeeBckux oTpaxateneil. [lepsrrit ma6o-
PATOPHBIA MPOTOTUI KBAHTOBON KPHUIITOCHCTEMBI, CO3/IaH-
Helif B 1989 1. B MccnenoBaTebCcKOM LIEHTPE KOMITAHUU
IBM, umen IJiMHYy KBAaHTOBOTO KaHana cBs3u 1 M [19].
JlaGopaTopHBIif BApDUAHT KPUIITOCUCTEMBI Ha Oa3e nHTepde-
pomerpa Maxa—Ilanaepa ¢ pasaesieHueM BpeMeHH (time
division interferometer) ObLI peaym30BaH C WCIOJB30BA-
HHEM OITOBOJIOKOHHOHW JIMHWM CBsI3M JUIMHON 30 KM B
UCCIIeIoBATENIbCKOM stabopatopun (upmer "British Tele-
com" B 1995 r. [20] ¥ ¢ cyMMapHO# [UIMHOW ONTOBOJIOKOH-
HbIX JuHUM 48 kM B Jloc-Anamocckoii tabopatopuu [21]. B
9TUX CXeMaXx MPUMEHSJICS TPUHIHI (Ha30BOT0 KOAMPOBAHUS.
B 2003 r. B uccnenoBarenbckoit naboparopuun NEC gocrur-
HyTa gaJpbHOCTh 100 kM [21], a B 2004 . — yxe 150 xm [22].
JIaHHBIE CXEMBI SIBJISIFOTCS YCJIOXKHEHUEM U Pa3BUTUEM UIEU
($ha30BOro KOOAUPOBAHUS C CAMOKOMIICHCALIUEH C TIOMOILBIO
(dapameeBckux oTpaxaTeseil. YIOMSHYTble KPUITOCUCTE-
MBI, OCOOCHHO CXeMBbI ¢ ()a30BBIM KOJUPOBAHAEM U CAMO-
KOMIICHCAIIUEH, TOCTATOYHO CJIOKHBI B pean3anuu. Pe3yiib-
TATOM TEOpPETHYECKO# pa3paboTku rpymnmbl B JKeHEBCKOM
YHUBEPCUTETE CTajla MPaKTUYeCcKas peajn3anus KBaHTOBON
KPUITOCUCTEMBI C BOJIOKOHHO-ONITHYECKUM KabejieM IIIMHON
23 KM, IPOJIOKEHHBIM 10 THY JKEHEBCKOTO 03epa MEXIy
ropogamu Huon u >KeneBa. Jlunus, nymHA KOTOpoW Ha
CEerO/IHsI TOBeIeHa 10 67 KM, PEACTABISICT COOOM CITOXHBIN
ONTOBOJIOKOHHBIN MHTepdepoMeTp ¢ Pa3oBbIM KOAUPOBA-
HHEM M CaMOKOMIICHCAIIEH ¢ MCMOJIb30BaHuEM (apajiees-
ckux otpaxarteneid [I18] (mepBas Tak Ha3bIBaeMas
plug & play-cucrema kBaHTOBOW Kpunrtorpadum). AKTHB-
HbIE WCCIICIOBAHMSI BEYTCS B UCCIIE0BATEILCKON Jabopa-
topun IBM (Almaden) [23, 24]. AnpoOupoBaHa mnepBas
JIOKaJIbHAsI KBAHTOBAs Kpunrorpaduyeckas cetb B boctone
NI PACTIPOCTPAHEHMS CEKPETHBIX KIIFOUEH MEXAY MOJIb30-
BaTeJISIMHU Ha PACCTOSTHUH B 10 KM (IIPOEKT BBITIOJHSETCS TTO
3akasy DARPA — Defense Advanced Research Projects
Agency) [25].

Henasno nnHoBanuonHoi ¢gupmoii "MagiQ" 6bu1 aHOH-
CHUPOBAH IEPBBI KOMMEpYECKHl BapMaHT KBAHTOBOH BO-
JIOKOHHOU KPUITOCUCTEMBI, IEUCTBYIOIIECH HA PACCTOSIHUMA
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120 kM, B KOTOpPOH WCIOJIB3YETCS NPHUHIMI (Ha30BOrO
koaupoBanus. Cxema pean3yeT KBaHTOBO-KpunTorpaduye-
ckuit mpotokost BB84.

ITo muenuro crnenuaaucToB u3 "QinetiQ" u "Toshiba
Research Europe" (BenukoGpuTtanus), MUPOKOE MPUMEHE-
HHE KBAHTOBBIX KPUIITOCUCTEM HAYHETCS B OJIVDKAIIE TPU
rofa, MEPBBIMH Ha OYEPEAM CTOAT INPABUTEILCTBEHHBIC
YUPEKIACHUS U OAHKH.

HmeroTes peam3anyy IpOTOTUIIOB KBAHTOBBIX KPUTITO-
CHCTEM, OCYIIECTBISIONIMX MepeIadyy CEeKPETHOTO KJIova
4yepe3 OTKPBITOE MPOCTpaHCTBO [26 —28]. Pexopa 1o nanbHO-
ctu (1o onyOJIMKOBaHHBIM JTaHHBIM [28]) coctaBiisiet 23,4 kM
Kak B JHEBHOE, TaK M HOYHOe BpeMs. Takue KBaHTOBBIE
KPUITOCUCTEMBI TpEJHA3HAUYEHBI [JIs TeHEepald W Iepe-
JTaYy CEKPETHBIX KJIFOUYEH MEXIY Ha3eMHBIMH OOBEKTAMU H
HU3KOOPOUTAJIbHBIMH cHyTHUKaMH (70 BbICOT B 1000 kM)
WM MEXAY Ha3eMHbIMU OObeKkTamu uepe3 cnyTHHkH. ITo
OIlEHKaM pyKoBoauTesss npoekrta u3 "QinetiQ" muanu-
PYIOTCSl 9KCIIEPUMEHTHI 0 MepeAaue KPUNTOrpaduuecKux
KJTFOUYel Ha HU3KOOPOUTAJIbHBIE CITYTHUKH, & JIET Yepe3 CeMb
C X TOMOIIIBIO MOKHO OYET MOChLUIATH CEKPETHBIE KITFOUH B
JIFOOYIO TOYKY ILJIAHETHI.

Ha Ommkaiiiee Bpemsi NPOTHO3UPYIOTCS CJIEAYIOLINE
mapaMeTpbl KBAaHTOBBIX KPUNTOTpadUUecKuX BOJIOKOHHO-
OTTHYECKUX JIMHU CBSI3U:

1. KommmuecTBO OImMMOOK, HE MPEBBIIIAIONIEe HECKOJIbKUX
MPOLEHTOB TpU IPPEKTUBHON CKOPOCTH Tepenayn uHPOp-
Malli{ 0 ONITOBOJIOKOHHOMY KBAHTOBOMY KaHAJIy.

2. JInrHa KBAaHTOBOI'O ONTOBOJIOKOHHOTO KaHaJjla CBSA3U
~ 100—150 xm.

3. Ywncio noaKaHaIOB IPH pa3/ieIeHIH O JJIMHAM BOJIH
(MynbTUIUIIEKCUpOBaHUK) — 8 — 16.

Hecmompas na eneuamasiowuti npozpecc Kak 6 NOHUMAaHuu
Kpunmoezpaghuuecxoii cmoiikocmu (cekpemuocmu) K6anmogulx
Kpunmocucmem, mak u 6 ux peaiuzayuu, mu CUcrmemvl
codeparcam 00CMamouto CA0NCHbIC ONIMNOBOAOKOHHbLE, I ACKI-
POHHBIC U NPOCPAMMHBIE KOMNOHEHMbL, PAOOMA ¢ KOMOPbIMU
Ha ce200HA npedcmagaiem coOoil, cKopee, npogedeHue MoH-
K020 HAYYHO20 IKCHEPUMEHMA U OeMOHCIMPAYUIO IKCHEPUMEH-
MAAbHO20 UCKYCCMBA, YeM NPAKMUYEecKyI0 0eAmeAbHOCb ¢
UCNOAB30BAHUEM 0OWEYNOMPEOUMEAbHO20 U CINAHOAPIMHO20
06opyodosanug. JIpyruM BaKHBIM OOCTOSITEJIBCTBOM, CHEP-
JKUBAIOIIIM TMOKa IMUPOKOE PACIPOCTPAHEHUE KBAHTOBBIX
KPUITOCUCTEM Ha OCHOBE IpuHIMIA (a30BOro KOAUPOBA-
HUS, SIBJISIETCS TO, YTO KBAHTOBBIE KPUIITOCUCTEMBI MOKa
IJIOXO BCTPAMBAIOTCS B CTAHJAPTHBIE ONTOBOJOKOHHBIE
TEJICKOMMYHUKAIIMOHHBbIE TEXHOJIOTHH, IOCKOJIbKY COJIep-
KaT crenudpuyeckue KOMIOHEHTHI (MHTepHEPOMETPBI), Tpe-
Oyrolue TOHKOH rocTUpoBKH. HakoHer, mocie THU# mpuHI-
NUAJIbHBIE MOMEHT COCTOMUT B TOM, YTO KaX/blii KBAHTOBBII
KpunTorpaduueckuii MpOTOKOJI PACHPOCTPAHEHUSI CEKPeT-
HOro Kioua (axtuueckn TpedyeT "TeMHbIX" OnTOBOJIOKOH-
HBIX JIMHAN (CBOOOIHBIX JIMHUI).

CyliecTByeT Tpu 6a30BBIX MIPOTOKOJIA MEPEIAUN CEKPET-
HOTO KJIF04a, KOTOpbIe KpaTko Ha3biBaroTcs BB84 [7], B92 [9]
u BB84(4 + 2) [29]. IIpoTokon BB84 wucnonb3yer uerhipe
KBAaHTOBBIX COCTOSIHUS: IBa OPTOTOHAIBHBIX COCTOSHUSI JIJISI
0 m 1 B omHOM 0asmce u 1Ba OPTOTOHANBHBIX st 0 u 1 B
IpyroM. Mexmy 0a3ucamMu COCTOSIHUSI TIOTIAPHO HEOPTOTO-
HaJIBHBIL, YTO HEOOXOIUMO JIJIs 0OeCIieueHHs CEKpEeTHOCTH. B
npotokoJie B92 ncnosnp3yercs napa JroObIX HEOPTOIOHAJIb-
HBIX KBAHTOBBIX cocTosiHUM, oTBevaromux 0 u 1. [IpoTokon
BB84(4 + 2) sBnsieTcst npou3BoaHbIM 0T BB84 u otyimuaercst
OT MOCJIETHETO TE€M, YTO BHYTPHU OA3HCOB COCTOSHHS TAKXKe

JIEJTAFOTCS HEOPTOTrOHANTbHBIMUA. OUEBHIHO, 4YTO pa3HbIC
MPOTOKOJIbI OOMeHa TPeOYIOT pa3JInYHbIX (PU3HUYECKHUX YCT-
pOMCTB s (opMHUpOBaHUS KBAHTOBBIX COCTOSHUN Ha
nepeJaroeM KOHIIE U COOTBETCTBEHHO PA3HBIX YCTPOUCTB
IUIS. KBAHTOBO-MEXaHHYECKUX HM3MEPEHUA Ha IPUEMHOM
KOHIIE.

Kpunrorpaguueckass CTOMKOCTh (CEKPETHOCTH) JaHHBIX
MMPOTOKOJIOB JIOCTATOYHO NOAPOOHO uccienaoBaHa [29 —36].
C y4eToM peaJIbHbIX TapaMeTPOB — HECTPOT Ol OTHOPOTOH-
HOCTH UCTOYHHUKA, HEUICATbHOCTH JIABUHHBIX (POTOIETEKTO-
POB U 3aTyXaHWs B ONTOBOJOKOHHOM KaHalle CBSI3H, Tepe-
YUCJIEHHBIC TPOTOKOJIBI TAPAHTUPYIOT CEKPETHOCTD PACIPO-
CTpaHEHUsl KJIIoYa A0 OMpPENeJICHHOW KPUTUYECKOM IIMHBI
onToBoJIOKOHHOUW nuHuU cBs3u [29]. [Ipotoxon BI2 smms-
eTCsl caMbIM MHHUMAJIBHBIM, B CMBICIIE YHCJIA HCIIOJb3Yye-
MBIX COCTOSIHUY ¥ I3MEPEHHIA, OTHAKO OOECTICUMBACT CEKPET-
HOCTh TOJIbKO 10 mymH ~ 15—20 kM [33]. Haubonee nom-
po6HO wuccienoBaHHbI NMpoTokos BB84, mcnosb3yrommit
YeThIpe KBAHTOBLIX COCTOSIHMS, SIBJISIETCS O0JIee CIOKHBIM B
peanu3anyy U OCTAeTCs CEKPEeTHBIM 10 JJIuH ~ 50 kM [29].
Haxownen, B mpotoxkosie BB84(4 + 2) npuMeHsIroTCsl 4eThIpe
MOTIAPHO HEOPTOTrOHATIBHBIX COCTOSHUS. JJaHHBIH TPOTOKOJT
eIlle CJIOKHEE B PeajIM3alii U HACTPOIKe ONTOBOJOKOHHOTO
uHTEPPEPOMETPA, OJHAKO B CMBICIE CEKPETHOCTH "BBLIKU-
Baet" 10 mmH ~ 150 kM [29].

J7151 9KCIepIMEHTATBHON pean3anuy TPeOyTCsl OJTHO-
¢doTonnble ucTOUHUKU. [lomUepKHEM, YTO C TOYKH 3PEHHS
TEOpUH He 0053aTeJIbHO WCIOJIb30BATh OJHOPOTOHHBIC
KBaHTOBBIE COCTOSIHUSI [UIsl mepefadu kiroueil. OmHako B
MHOTO(OTOHHOM CiIyyae KBAHTOBO-MEXaHHUYECKUE M3Mepe-
HUSl Ha TPUEMHOM KOHIE ISl AETEKTUPOBAHMS MOIBITOK
MO/ICTYIIIMBAHNSI U U3MEHEHNS! KBAHTOBBIX COCTOSIHUH (Hop-
MaJbHO JOJKHBI OBITh pPEeaIM30BaHbl KaK MPOEKTOPHI Ha
COOTBETCTBYIOLIME BEKTOPHI MHOTO(OTOHHBIX KBAHTOBBIX
coctosiHuit. [T0100HBIX M3MEPUTEIBLHBIX YCTPOUCTB MOKA HE
CYIIECTBYET, XOTS HUKAKAX TEOPETHMYECKUX 3alpeTOB Ha
peam3anuio TAaKUX KBAHTOBO-MEXaHHUYECKHX HW3MEpPEHHI
HeT. To ecTh UCTIOIb30BAHKIE HMEHHO OJTHO(DOTOHHBIX KBAH-
TOBBIX COCTOSHUI OOYCJIOBJICHO CYIIECTBYIOIINMH JIETEKTO-
pamu (peayibHO 3TO JIaBUHHbIE (DOTOJETEKTOPHI C MEJIbThe-
OXJIAXKICHHEM, paboTaroIIue B CTPOOUPYEMOM PEXKIME).

OTMeTHM, UYTO YK€ CO3/IaHbI POTOIETEKTOPHI HA OCHOBE
CBEPXIIPOBOJIHAKOB, KOTOPBIE B OTJIMYUE OT JABUHHBIX (GOTO-
JIETEKTOPOB HA TETEPOCTPYKTYpax pa3nyaroT COCTOSIHUS C
Pa3HBIM YUCIOM (POTOHOB.

OnHOMOTOHHBIE KBAHTOBBIE COCTOSIHUS (TOYHEE KBa-
3U0AHO(DOTOHHBIE) MOJYYAIOTCS MYTEM CHJIBLHOTO ocjiabJie-
HUSI KOTEPEHTHOTO COCTOSHHSI — JIa3epHOTO W3YUYEHUS,
KOTOpOE Jaxe Mocje JFO0ro ocIabyieHns: COAEPKUT MHO-
roOTOHHBIE KOMIIOHEHTHI.

Hecmpoeas oonogpomonnocms  ucmounuxa emecme ¢
3amyxanuem 8 KeaHmMogoM Kanale c8A3uU NpugoodAam K momy,
UmMo CeKpenHoCb nepedagaemvly Kawuell eapanmupyemc,
AU K020a O0AUHA KAHAAQ He NPegocxo0um HeKomopoi
KpUmuuecKou 6eAUUUHbL.

HeratuBnas posb 3aTyxaHus (Ipu HeCTporo omHodo-
TOHHOM HCTOYHUKE) B KBAHTOBOM KaHaJIe CBSI3U COCTOUT HE
CTOJILKO B TOM, YTO 3aTyXaHHE, OUYEBUIHO, CHIDKAET CKO-
pOCThb TiepeAaud KJIroya H3-3a TOTO, YTO HE Bce (HOTOHBI
JIOCTUTAlOT TPHUEMHOTO KOHIA, CKOJIBKO B TOM, H 3TO
ropasgo 0OoJjiee KPUTUYHO, YTO HAYMHASL C HEKOTOPOU
BEJIMYMHBI 3aTyXaHUsI yXKe HeJIb3s TapaHTHPOBATH CEKPET-
HOCTb MEPETAHHOTO KJIF04a. 3aTyXaHHe B ONTOBOJIOKOHHBIX
JIMHUSIX CBSI3M OMPEEIISIeTCs IIIMHON KaHasa cBsi3u. OTHaKO
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KpUTHYECKas JJIMHA, BIUIOTh JO KOTOPOI cucteMa ocraercs
CEKPETHOM, 10 CHX TOp CTPOro HemsBecTHA. OLEHKH BapbH-
PYIOTCSL OT HECKOJIBKUX AECATKOB KUJIOMETpPOB 10 150 km
[29].

Benyrcss paboThl MO WCHOJIB30BAHUIO B KBAaHTOBOI
KpunTorpaduu UCTOYHUKOB U3JIyYEHUs, HAIPUMED HA OCHO-
BE HAHOYACTHI[ ajiMa3a, KOTOPbIe MO CBOMM MapaMeTpam
MPUOTIKAIOTCS K 0 JHOPOTOHHBIM [37].

Ecnu npoaHanm3npoBaTh OCHOBHBIE KBAHTOBBIE KPUTITO-
rpaduyeckue MpOTOKOJIbI U TOKA3aTEIbCTBA UX CEKPETHOCTH
B KaHaJIe C 3aTyXaHHeM (OCHOBHBIMU SIBJISIFOTCS TPOTOKOJIBI
BB84 u B92, ocranbpHble mpeAacTaBisSIFOT COOOW TOTO WJIU
WHOTO BHJA MPOU3BOAHBIE OT HUX), TO CTAHOBUTCS OYEBU/-
HBIM, 4TO TpebyeTcs (M HCHOJIB3YeTCsl SIBHO WM HESIBHO)
anpuopHas uHpopmalmsa o nmortoke omubok (Quantum Bit
Error Rate, QBER), oOycnoBiieHHbIx 3atyxanueMm. Hanpu-
Mep, €CJIM 3aTyXaHHEe B KaHAJIE CBSI3U U3MEHSIETCSI B TEUCHUE
BpEMEHM NPOTOKOJA TMepetauyd KJIro4a, TO H3MEHSeTCS U
MOTOK OIIMOOK (J1a)ke B OTCYTCTBHME TOJCIYIINBATEIIS).
Kpome Toro, ecm mpOTOKOJ MOAPA3yMEBAET MOCTOSIHCTBO
QBER, TO HHKaKkyl0 CEKPETHOCTh MEpPEIaHHOTO KJro4a
BOOOILIE HEBO3MOXXHO TapaHTUpOBaTb. Ecim B onToBosIO-
KOHHBIX KBAHTOBBIX KPUIITOCUCTEMAX 3aTyXaHHE e1Lle MOXXHO
CUUTATH MOCTOSIHHBIM (IIOCITIETHEE COCTABIISET IJIsl OJIHO-
MOJIOBOTO OIITOBOJIOKHA Ha AJMHE BOJHBI 1550 M 0,17 —
0,25 16 xM~!), To mpy Hepeaye Uepe3 OTKPLITOE IPOCTPAH-
CTBO 3TO yKe SIBHO HE TaK, IOCKOJIbKY COCTOSIHIE aTMOC(hHephI
HEBO3MOXHO KOHTPOJMPOBAThb. [l03TOMY XOTenoch Obl
AMETb MNPOTOKOJIBI PACIPOCTPAHEHHS KJIFOYa, KOTOpBIE
ObUTM OBl YCTOWYMBBIMU WM TapaHTHPOBAIU CEKPETHOCTH
KJIFOYa IPY U3MEHEHUH 3aTyXaHUS B KaHAJIE CBSI3U B TEUCHHE
BPEMEHHN MPOTOKOJIA M CEKPETHOCTh KOTOPBIX HE 3aBHCEIA
ObI OT aNMPUOPHOTO 3HAHWS BEJIMYMHBI 3aTyxaHus. JlaHHas
npobJieMa, Ha Halll B3IJIs/I, JJOCTATOYHO CEPbE3HA U TpeOyeT
peleHnsi, MOCKOJbKY B NPOTHUBHOM Cllydae MOTYT BO3-
HUKHYTH COMHEHHUSI B 0€3yCIIOBHOW CEKPETHOCTU KBAHTOBOM
kpuntorpaduu (CeKpeTHOCTH, KOTOpas MOJHOCTBIO TapaH-
TUpYeTCsl PyHIAMEHTAILHBIMU 3aIpeTaMU KBAHTOBOU MeXa-
HUKHM, @ HE TEXHUYECKUMHU OIpPAHMYECHUSIMU IOJCIIYILUBA-
TeJs).

Bce ymoMsiHyThIE BBILIE TPYJHOCTH CBSI3AHBI C TEM, YTO
CEKPETHOCTh TPOTOKOJIOB Oasupyercs, MO CyTH, JIMIIb Ha
TEOMETPUYECKHX CBONCTBAX BEKTOPOB COCTOSHHI KBaHTO-
BOH cHCTeMBI B I'iIbOEepTOBOM npocTpancTse H. Tounee, Ha
HEBO3MOXHOCTH KomupoBaHusi (no-cloning-treopema [8])
HEM3BECTHOTO KBAHTOBOTO COCTOSIHHSI U TMPUHIMIHUATILHON
JIOCTOBEPHOW HEPa3JIMYMMOCTH HEOPTOTOHAJLHBIX KBaH-
ToBBIX coctosiHu (Teopema C.H. Bennett [9]). I'py6o
TOBOPSI, JAHHBIE POTOKOJIBI HOPMYJIUPYIOTCS B THIIHOEPTO-
BOM mpocTpaHcTtBe H. To, YTO Bce U3MEPEHHS] U PaCIpo-
CTpaHeHHe KBAHTOBBIX COCTOSIHUM MPOUCXOIAT B MPOCTPAH-
CTBE-BpEMEHH, HUKAK SIBHO He UCHOJb3yercs. [1pu pacmpo-
CTpaHEHUH KBAHTOBOT'O COCTOSIHHSI 3aTyXaHUE UMEET MECTO
HE B THWJILOSPTOBOM IIPOCTPAHCTBE, a B IMPOCTPAHCTBE-
BPEMEHH, TO3TOMY JUIsl YCTPAaHEHUS TPOOJIEeM MOTepH
CEeKPETHOCTH BCJIEACTBHE 3aTyXaHUsl TPeOYIOTCS nOpyrue
JIOTIOJIHUTENbHbIE PyHIAMeHMAAbHble OTPAHUYEHHS], TPOUC-
TEKAIOIINE N3 CBOWCTB KBAHTOBBIX COCTOSIHUHN, W MOJIyUYeHHE
rHbOPMAIMKA O HUX B MPOCTPAaHCTBe-BpeMeHH. OrpaHuye-
HUS1, TUKTYEMbIE JIMIIb TeOMETPUUECKUMHU CBOCTBAMU KBaH-
TOBBIX COCTOSIHMM B TMJIbOEPTOBOM HPOCTPAHCTBE, IS
MOCTPOCHUSI KBAHTOBBIX KPHUNTOIPAGUIECKUX MPOTOKOJIOB,
MO-BUAMMOMY, HCUEPITAHEI.

TakuMu AONOJHUTEILHBIMU (YHIAMEHTAIBHBIMU U
€CTECTBEHHbIMHU OTPAHUYECHHUSIMU SIBJISIFOTCSl OTpaHUYEHUS,
JIUKTyeMbI€ CIIEUATbHON TeopHueil oTHocutenbHOoCcTU. Kpo-
Me TOro, (POTOHBI MPEJCTABISIOT COOON UCTHHHO PEIISITH-
BUCTCKHE 0€3MAacCOBBIE YACTHUIIBI (COCTOSHUS H€3MacCOBOTO
KBAaHTOBAHHOT'O I0JIs1), KOTOPBIE PACIPOCTPAHSIOTCS C IIpe-
JIeIbHO JIOMYCTUMOMN CKOPOCTBIO, TO3TOMY IIpU pa3paboTke
W pealu3alyy KBAaHTOBOH KpunrTorpaduém B OTKPBITOM
MPOCTPAHCTBE OBLIO OBl HEECTECTBEHHO HE BOCIOJIB30BAThH-
Csl JTOTOJIHUTEJIbHBIMHA BO3MOXHOCTSIMH, IPEIOCTABIIsIE-
MBIMH NIPUPOJION.

Hwxe kpaTko 06cy1uM KBAaHTOBBIE KPUIITOCUCTEMBI IS
nepeaayy KJIrouei yepe3 OTKPhITOEe MPOCTPAHCTBO, KOTOPBIE
KpOMe OTpaHMYEHWI Ha M3MEPHUMOCTh KBAHTOBBIX COCTOSI-
HUH, CIEIyIOMMX W3 KBAHTOBOH MEXaHUKH, HCHOJB3YIOT
JIOTIOJTHUTENIbHBbIC 3aMPEThl, TUKTYEMbIC CIEIMAJIBHON Teo-
pueil OTHOCUTELHOCTH.

ITockoavKy 8 06CyIHcOaeMbIX HUIICE KEBAHIMOBBIX KPUNIMOCU-
cmemax A6HO YUUmvleaemcsa Gaxm pacnpocmpanerHus KeaH-
moewvix cocmoanuil (KAoua) 8 Npocmpancmee-gpemenu, mo
mpebyemcsa 3apanee 3HaMb 0AUHY KGAHMOB020 KAHAAA C8A3U
Medncoy nepedarowyeti u nPUHUMArOWeil CropoHamu.

PensiTHBUCTCKHE KBAHTOBBIE KPUMTOCHCTEMbBI OCTAFOTCS
CeKPETHBIMH TpPU JIOOOM 3aTyXaHHH B KaHale CBS3M.
BenmunHa 3aTyxXaHUS CHMKAET JIMIIb CKOPOCTh Mepeaavd
KJIFOUa, HO HE BIIMSET Ha ero cekpeTHocTb. Kpome Toro,
rapaHTUPYETCs CEKPETHOCTh KJIFOYa Jaxe ISl HeOJTHO(O-
TOHHBIX cOCTOSIHUI. CXxeMa ocTaeTcs CeKpeTHOM IpHU JIFoO0M
cpenHeM 4ucie (POTOHOB B KBAHTOBOM cocTosiHuM. Kaxk
MOKAa3bIBAKOT pacueThl (cM. moapodHoctu B [38]), HaubOJIb-
masi 3pPEeKTUBHOCTD TOCTUTACTCS TIPH HEOOIBIINX CPETHUX
ynciaax (poToHoB, u = 1—3. [lpm Takux CpemHHX dYHCIaX
3aI0JTHCHUS TPAKTUYECKA OTCYTCTBYIOT XOJIOCTBIE MTOCHLIKA
(ot BakyyMHOM KOMIIOHEHTBI B KOTE€PEHTHOM COCTOSIHUU
mana). Ilociennee o3HayaeT, 4TO CKOPOCTh TeHEPAIMU
KJIFOYa, KaK MUHHMYM, Ha TIOPSIIOK BBIIIE, YEM B CXeMax,
0a3upyIOMMXCS TOJILKO HAa TEOMETPHYECKHX CBOWMCTBAX
KBAHTOBBIX COCTOSIHHM, TAe TpedyeTcs ociiabiieHne Jiasep-
Horo u3nydyenus 1o u = 0,1—0,3. JlonosHuTEILHOE YBEIH-
YeHHEe CKOPOCTH BO3HUKAET 3a CUET TOrO, YTO OIPAHUUCHUS
CHeuuaIbHOW TEOPHH OTHOCHTEIBHOCTU MO3BOJISIOT HUC-
MOJIb30BaTh AK€ OPTOTOHAJLHBIE COCTOSIHHS, UTO HE Tpe-
OyeT MPOBEpKH cOTJIacOBaHMS 0a3MCOB M3MEpPEHMId, KaK B
npotokojie BB84. Kpome Toro, mockosibky Bce JeicTBUS
YYaCTHHUKOB (KaK JISTHTUMHBIX, TaK W MOACTYIIHBATEIIS)
OCYILIECTBIISIFOTCS. B IIPOCTPAHCTBE-BPEMEHU U COCTOSHHS
OPTOTOHAJILHBI, TO KOJIJIEKTUBHBIE U3MEPEHHUS IO ICTyIIINBA-
TeJlsl He JAIOT €My HUKAKUX MIPEUMYIIECTB MO CPABHEHUIO C
WHVBHUyaIbHBIMU HU3MEPEHUSIMU B KaxJ0d mocbuike. U
HocJieIHee, CUCTEMA FAaPAHTUPYET CEKPETHOCTD KJIIOYA JaXKe
IIPU YPOBHE OIIMOOK B IPUHSATON JBOMYHOHN MOCIEI0BATEIb-
HoCTH, 6;1M3KOM K 50 % (cM. netasm B [38]). OT™MeTHM, 4TO,
HampuMmep, s npotokoia BB84 cekperHocTh TapaHTH-
pyeTcst b 10 ypoBHs ommbok B 11 % [30, 32].

Hanomnum, umo meopemuuecku de3ouubounas nepeoaua
uHgopmayuu, Gakxmuuecku uUcnpagieHue owudbox 8 npeoee
aAcCUMNMOMUYECKU OAUHHBIX NOCAC008AMEALHOCHIEN 8 KAACCU-
YeCKOM OUHAPHOM CUMMEMPUYHOM KAHAAE, BOZMOICHA, eCAU
sepoamnocms ouwluoku He npesviiaem 50 %. B peaamusucm-
CKOIL K8AHMOBOU KpUnmoz2paghuu npu yposHe ouud oK 0.Au3Kom
K 50% 603M0xCHO He MOALKO UCNpagumv OWUOKU, HO U
2apanmuposams ceKkpemnocme ungopmayuu (Kaouei), nepe-
0a8aeMoti ¢ NOMOWbIO K8AHMOBHIX COCMOANHUI Yepe3 OMKPbl-
moe npoCmpancmeo.
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EnuncTBEHHOE TOMOJHUTENbHOE TPeOOBAHUE B PENISITH-
BUCTCKHX KBAHTOBBIX KPHITOCHCTEMAaX IO CPABHEHHIO C
HEPEISITUBUCTCKIMHI KBAHTOBBIMH KPHUIITOCHCTEMaMH Ha
HEOPTOTOHAJIBHBIX COCTOSIHUSIX — 3TO 3HAHME JUJIMHBI KBaH-
TOBOTO KaHaJla CBS3W, 4TO, HA HAIl B3IJISA, SIBJISETCS
HEOOJIBIIION TIATON 3a T MPEUMYIIECTBA, KOTOPbIE MOXKET
JIaTh PEJISITUBUCTCKASI KBAHTOBAS KpunrTorpadusi.

B KBaHTOBBIX KpUNTOCHCTEMAX OOHAPYXKEHHE JFOOBIX
TONBITOK TOJCIYIINBAHUS TapaHTUPYETCS CJIEAYFOIIUMU
IBYyMSl (DyHIIaMEHTAJIbHBIMH, TECHO CBSI3AHHBIMH MEXIY
c000i1 3anpeTaM KBAHTOBOW MEXaHUKHU.

1. HeBo3MOXHOCTB IporLecca

po) @ [A4) = |@g) @ |@g) @ [Ao)
(@oloy) #0. (1)
lp1) @ [4) = |o1) @ [@y) @ |41),

Takoif 3amper Ha KONMUPOBAHUE HEU3BECTHOTO KBAHTOBOTO
COCTOSIHUS Ha3bIBaeTCs no-cloning-Teopemoii.

2. HeBO3MOXHOCTB TOJTydeHHs] HHpOopMAaIu 00 OTHOM
73 HEOPTOTOHAJBHBIX COCTOSHUIA 6e3 MX BO3MYIIECHUS, T.C.
3amlpeT Ha mpolecc

lpo) ® [4) = U(lpg) @ [4)) = [pg) @ |4o) ,
|[4o) # [41), (2)
lp1) @ [4) = U(loy) @ 4)) = o) @ |41),

rje |A) — cocrosiaue npubopa Habmogaresst, U — HEKOTO-
pBIf YHUTApPHBIA OMEpPAaTOp, OMUCHIBAIOIINI COBMECTHYIO
9BOJIFOIMIO HCCIIEIYEMOTO COCTOSIHUSI M COCTOSIHHS TPH-
6opa. JlaHHBIC 3aIpPETHI, IO CYTH, SBISIOTCS OTHHUM U3
HPOSIBIICHUH (YyHITaMEHTAJIbHOTO HMPUHIMUIA HEOIpeaesIeH-
HocTH I'eiizenbepra o HEBO3ZMOXHOCTU OJHOBPEMEHHOTO
u3MepeHnst HabIIoIaeMbIX, KOTOPBIM OTBEYAIOT HEKOMMY-
THPYIOIINE ONEPATOPHL.

J11 OpTOroHaIbHBIX COCTOSIHUM 3alpeThl Ha KOIHUPO-
BaHNE W W3BJICUCHHME HHPOpMAInM 0Oe3 MX BO3MYIICHHS
OTCYTCTBYIOT. B pamMkax HepeJsiTUBUCTCKON KBAHTOBON Me-

XaHUKH HAaOIIOIaeMbIM py = |¢o){(@o| 1 p; = |@){@,| oTBe-
YAIOT KOMMYTHPYIOLIAE U3MEPSIOLIUE ONEPATOPBI, SIBIISIO-
IIMeCs OPTOrOHAIBHBIMH HPOEKTOpaMu Py 1 = |y ){(®g 1]

([Po,P1] = 0). Orpannuenust (1), (2) sIBASIOTCS, MO CYyTH,
T€OMETPUYECKIM CBOHCTBOM BEKTOPOB COCTOSIHUI KBAHTO-
BOH CHCTeMSBI |, ;) B THJIbOEPTOBOM IPOCTPAHCTBE CO-
crosumii. Ecim He MCNONBb30BATH KAKHX-TO JOTOJHHTEb-
HBIX (YHIAMEHTAJIbHBIX OrPAaHUYCHHH HA H3MEPHUMOCTH
OPTOTrOHAJIBHBIX KBAHTOBBIX COCTOSIHHI, TO MOCJICAHUC B
CIUTy JOCTOBEPHOM Pa3IMYUMOCTH HE MOTYT MPUMEHSIThCS
TS TieJieit KBaHTOBOM kpuntorpadun. TakuMu TONOJHUTE-
JIBHBIMU (DYHIAMEHTAIBHBIMU O PAHMYCHUSIMHU SIBIISFOTCS
OTpaHMYCHUST HA H3MEPHUMOCTh KBAHTOBBIX COCTOSIHUIA,
HaJIaraeMBbIe CIIENUAJIBHON TEOPUEN OTHOCUTEIIBHOCTH.

JJ1s1 OpTOTOHAJIBHBIX COCTOSIHUM HET 3ampeTa Ha T0CTO-
BEpHOE pa3jimueHne 0e3 ux Bo3MyleHus [9], TouHee roBopsi,
TeopemMa [9] o6 atom cimyyae HUUero He rooput. Yacrto
MPOU3HOCHMBIC TPH HWHTEPIPETALUH [TAHHON TEOpPEeMbI
CJI0BA O TOM, 4YTO OPTOrOHAJbHOE cocTosiHue "mpoxoaut"
4yepe3 BCIOMOTATENIbHYIO CHCTEMY |A4), B3aUMOJEUCTBYET ¢
HEell 1o Mepe MPOXOXKICHUS U M3MEHSET ee COCTOsIHUE, He
COOTBETCTBYIOT COJIEPKAHUIO TEOpPEeMBI. B Teopeme Humdero
HOJOOHOrO HET, B TOM CMBICNIC, YTO OHAa HOCHUT YHCTO
FEOMETPUYCCKUIl XapaKTep U YTBEPXKIACT, UTO BEKTOP
COCTOSIHMSI BCIOMOTATEJIbHOI CHCTEMBI |A) MOXeT ObITh
YHATAPHO TIOBEPHYT B 3aBHCUMOCTH OT BXOJHOTO BEKTOpa

|@o ) ¥ mepeBeneH B HOBOe cocTosiHue |Ap) wim |4,) Ge3
H3MEHEeHHUs BXOJHOTO BeKTOpa. [Ipy 3TOM HESBHO IpEIIo-
JIATAETCsl, YTO BXOJHON BEKTOD | @ ;) HOCTYNEH KAK LEJIOCT-
HBbIi OOBEKT, T.€. I COBEPIICHUS] YHHTAPHOTO Mpeodpa-
3oBaHusi U HYXHO UMETh JOCTYI KO BCEMY MPOCTPAHCTBY
cocrossauid ‘H,, ,, B KOTOPOM OTJIHMYEH OT HYJs HOCHUTEIb
COCTOSIHUS, B IPOTUBHOM cllyyae npeodpa3oBaHue He OyieT
yHuTapHbIM. TOT (hakT, 4TO B JOKA3ATEIBLCTBE PUIYPUPYET
JIMIIL BEKTOP COCTOSIHUSA KaK NEJIOCTHBIN OOBEKT |, 1) Oe3
BHYTpEHHEH KoOpAMHATHON "HaunHku", KaK pas u moapasy-
MEBAeT, YTO BEKTOP COCTOSIHUS MPH YHHUTAPHOM Mpeodpa-
30BaHUM y4acTBYyeT "'cpasy ueiaukom".

Huist mro6oit peasibHON (PU3MUYECKON CHCTEMbI THIIBOEP-
TOBO IIPOCTPAHCTBO H, , HEU30EXKHO IPUBA3AHO K HPO-
CTPaHCTBY-BpeMeHI MHHKOBCKOTO, B KOTOPOM COCTOSTHHE
AMeeT aMIUTUTY1y (CTJIa)KUBAFOIIYIO BOJHOBYIO (DYHKIIUIO).
HocTtyn x ruib0epTOBY MPOCTPAHCTBY COCTOSIHHIA, TAaKUM
00pa3zoMm, oIpa3yMeBaeT JOCTYII K TOH 00JIaCTH POCTPaH-
CTBa-BPEMCHHU, B KOTOPOW OTJIMYHA OT HYJIS aMIUIATYIa
(BostHOBast (DyHKIUS) cOCTOSIHUS. Eciy ke TOCTYIHA JIUIIH
YacTh TaKOH OOJACTH, TO TOTAA JaXke OPTOTrOHAJIbHBIC
COCTOSIHUSI HEBO3MOXHO JOCTOBEPHO CKONUPOBATh WM
pasnmunth. [locienHee OoJsiee MJIM MEHEe OYEBHIHO, IO-
CKOJIbKY HHKAKOH MPOIECC, B TOM YHCJIe KOMUPOBAHKE UM
pa3inveHne, He MOXET MMETh BEPOSATHOCTb Ucxoga O0OJIib-
Y0, YeM JIOJIi HOPMHPOBKH COCTOSIHHIA, KOTOpas HaOu-
paeTcst B JOCTYIMHOM MPOCTPaHCTBEHHO-BPEMEHHOI 001acTH
U TEeM CaMbIM aBTOMAaTHYECKU B JIOCTYIHOW YaCTH HIIBOEp-
TOBa TpoCTpaHCTBA. [ pyboO roBops, 4TOOBI C JOCTOBEP-
HOCTBIO CKOMHUPOBATh WM PAa3JIMYUTh OPTOrOHATHHBIC
COCTOSIHUSI, OHU HYXHBI CPa3y U IEJTHKOM.

[TosToMy, ecii aMILUTUTY/1a COCTOSTHUSI OTJIMYHA OT HYJIS
B HEKOTOPON KOHEYHOMN 00J1aCTH TPOCTPAHCTBA-BPEMEHH, TO
CJIOBA O TOM, YTO COCTOSIHME TOCTYITHO IEJIMKOM, O3HAYAFOT
JIOCTYIl K 3TON oOJyiactu. B HepeasiTUBMCTCKOW KBAHTOBOU
MEXaHHKe, TJIe HeT OTPAHWYEHN Ha MPEIeTbHYI0 CKOPOCTb,
JIOCTYT K JTFOOO¥W KOHEYHOH 00JIACTH MOXET OBITH MOJIyYeH
MTHOBEHHO. B KBaHTOBOW TEOpUU MOJIS, TIE CYIIECTBYIOT
OTrpaHMYCHUS] Ha MPEICNIbHYI0 CKOPOCTb, AOCTYI K COCTOS-
HUFO [EJIMKOM MOJXET OBITh IOJIYYCH TOJBKO B TOM Clydae,
€CJIM MPOTSDKEHHOE COCTOSIHUE IPEIBAPUTEILHO YHUTAPHO
mpeoOpa30BaHO K COCTOSIHHUIO C aMIUTATYIOW, OTJIMYHON OT
HyJIS JIMIIb B CKOJIb YTOJHO MaJjloi MPOCTPaHCTBEHHON
o6mactu. ITocie 3TOro MOXHO IOJIL30BAThLCS TeopeMoit [9].
CorJIaCHO TPHUHIUIY PEJISITUBUCTCKON NpUYMHHOCTH [39]
TaKOe YHUTAPHOE MPeoOpa30oBaHUE COCTOSIHUS, 38TaHHOTO B
KOHEYHOU MPOCTPAHCTBEHHO-BPEMEHHOM 00J1aCTH, B COCTOSI-
HHe, JIOKAJIM30BAHHOE B CKOJIb YTOJIHO MAaJIOi MPOCTPaHCT-
BEHHON O00JIACTH, MOXET OBITh OCYIIECTBJICHO JIUINb 3a
KOHEYHOEe BpeMsi. MUHIMAaJIbHO HE0OX0AMMOe BpeMsl Ompe-
JIENIAETCS U3 YCIIOBUSI HAKPLITHS "IPOIILIOi" YacThIO CBETO-
BOrO KOHYCa HCXOJHOW MPOCTPAHCTBEHHOW 00JacTH, B
KOTOpO#l ObLIa OTJIMYHA OT HYJIS aMIUIATYAA COCTOSIHUS
(puc. la). BepmmHa 3TOrO0 KOHyca HAXOIUTCS B CKOJb
YIOJIHO CHJIBHO JIOKAJIM30BAHHON 00J1acTH (TOYKE), B KOTO-
PYIO YHUTapHO mpeoOpa3yeTcs WCXOMHAS aMIUIATYIa
coctostHusl. Kaxxmoe 3 mapbl OPTOTrOHAIBHBIX COCTOSIHHM,
yHuTapHO mpeobpasoBanubix ("coOpaunwix") B JoKamu30-
BAaHHO#M 00J1acTH, MOXET OBITH IOCJIE 3TOTO JOCTOBEPHO
CKOTIMPOBAHO WM pasjmieHo. [ToCKONbKY pedb HACT O
0€3MacCOBBIX COCTOSIHUSIX KBAHTOBAHHOTO 10JIs ((POTOHOB),
KOTOpBIE PACIPOCTPAHSIOTCS C MPEACIbHO JOMYyCTHMOU
CKOPOCTBIO, TO TAKOE YHUTAPHOE MPeoOpa3oBaHue U [ajlb-
Heillliee KOMHMPOBAaHWE MpPHUBEIST K CIOBUTY (3aJepiKKe)
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COCTOSIHUM B IPOCTPAHCTBE-BPEMEHM IO OTHOIICHUIO K
TaKOBBIM B CJIy4ae MX CBOOOTHOW IBOJIIOIMHU (PacIpocTpa-
Henust). JJaHHOe 00CTOSITEIbCTBO MO3BOJISIET IETEKTUPOBATD
JIFOObIE MOTBITKA MOACTYIUBaHUusA. OTMETUM, YTO OTpaHU-
YeHMsI, HAKJIAbIBaeMble Ha M3MEPEHHS! B PEISTUBUCTCKOMN
obacTu, ucciaenoBainch Buepsbie B padore JI. . Jlannay u
P. Tatiepnca [40], a Bnociencrsuu B padore H. Bopa u
J1. Posendennaa [41]°.

WNHave roBops, AJIsl OPTOTOHATIBHBIX COCTOSHUM Ge3mac-
COBOr'0 KBAaHTOBAHHOTO I10OJIS1 TEOPEMA O 3aIpeTe KOMUPOBa-
HUSI 3BYYHT CJIEyIOIIIUM 00pa3oM. OpTOroHaJIbHbIE COCTOS-
HUSI MOTYT OBITH C BEPOSITHOCTBIO, CKOJIb YTOIHO OJIM3KOM K
e/IMHUIIE, CKOTIMPOBAHBL. B pe3ysibTaTe KOMUPOBAHUS TOJTY-
YaroTCsS COCTOSIHUSI C TOH xe (GOopMOH aMIUTUTYI, HO
CABUHYTBIE (TPAHCIUPOBAHHBIE B IPOCTPAHCTBE-BPEMEHN).
To ecTb paspelien 6osiee ciabblil, 4eM B HEPEJISITUBUCTCKOM
ciyvae, ipottecc B (1). Takum obpazom, umeem

l90) = (ULlgo)) ® (ULlwy)) ,

lp1) = (ULlpy)) @ (ULlgy)) -

3necy Up — omepatop TpaHCISUUM B MPOCTPAHCTBE-Bpe-
MEHHU BJOJb BETBH CBETOBOro KoHyca, L =A(x—1) —
pasMep o0JacT, B KOTOPOW OTJIMYHA OT HYJSl aMILTUTYIa
COCTOSIHUH (cuuTaeM JjIsi KPaTKOCTH, YTO 00a COCTOSIHUS
OTJIMYHBI OT HYJIS B OJHOM M TOW e MPOCTPAHCTBEHHO-
BPEMEHHOHN O0JIACTH, HO pa3nvaroTcs (HOopMOil aMITUTY
®o,1(x — 1))

AHanornuHo Momuduuupyercs teopeMa [9] o pasimde-
HUH OPTOTOHAJBHBIX COCTOSHUI — pa3pellleH JIUIIb 0ojiee
CJ1a0bIi MPOTIECC MO CPABHEHUIO C TAKOBBIM B HEPEJISI TUBUCT-

3)

3 BaXHBIM SIBJISIETCSI BOIIPOC O JIOKAJM3ALME COCTOSIHUM B PEJISITHBHUCT-
CKOlt 00J1acTH (B CBS3H € 9THM cM. [42—47]).

cKkoM ciyvae (2):

|90) @ |4) = (ULlgy)) ® |4o) |do) # |41).  (4)

1) @ [4) = (ULley)) @ |41)

CkazaHHOE YAOOHO MOSICHUTBH C TMOMOIIBIO JHArpaMM,
MPUBEACHHABIX HA puC. 1.

ITockopKy aMIUTMTYAa COCTOSTHUIA 0€3MacCOBOTO KBAaH-
TOBAHHOTO TMOJIS, PACHPOCTPAHSIONIMXCS B OJHOM Ha-
NpPaBJICHAN OCH X, 3aBUCUT JIMIIb OT Pa3HOCTH X — f, TO
MOXHO (PUKCHPOBATH BPEMS M CUUTAThH MEPEMEHHOU KOOD-
IUHATY, JIn00 HaobopoT. PaccMoTpum 00a ciyvyas. dtumu
IByMsI CIIy4asiMA HCYEPIILIBAIOTCS Bce cHTyanmu. [IycThb
3a/1aHO OJTHO M3 OPTOTOHAJIBHBIX COCTOSIHUI C aMILIATYIOU
@(x — 1), PACTIPOCTPAHSIFOLIMXCS CO CKOPOCTHIO cBeTa (¢ = 1,
unpaexc cocrosuus 0 umu 1 AyIst KPaTKOCTU MOKA OIYCTUM).
IIycte cocTosiHME COCPEJOTOYEHO B OOJacTH L, B TOM
embicre, uto [, [¢o(x — 1o) |2 dx ~ 1, ¢y, (x — fy) ecTh amMILIH-
TyJia Ha BPEMEHHOM cpe3e /.

YToOBI UMETh CpaA3y 8cCe 3HAUCHUA AMNAUMYObL COCMOSA-
HUA NpU 6cex X 8 MOMeHm ty B TOW o0JiIacTH, B KOTOPOH OHA
OTJIMYHA OT HYJIs, HEOOXOAMMO COBEPIIUTHL YHHUTapHOE
npeoOpa3oBaHue cpa3zy HaJl BCeM COCTOsiHUEM. [1ycTh yHU-
TapHOe MpeoOpa3oBaHWE HAJ AMIUIMTYIONW COCTOSIHUS —
Uy 1 (x — 1) = @o 1 (x" — 1) (t>1), Torma ammuryna
HOBOTO cOCTOSIHUS (@ (x' — f) MOXeT ObITb OTJIMYHA OT HYJIs
YK€ B MEHbIIIEH MPOCTpaHCTBeHHOM 00acTu. 1o cymecty,
MUHHMAJIbHBIA pa3Mep o0jactd mo x’ K MOMEHTY ! K-
TyeTCs PEJIATHBHCTCKUM IPUHIMIIOM TPUYMHHOCTH, KOTO-
pblii 0BT cHOPMYJUPOBAH B OKOHYATENBHOH (opme
H.H. Boromro6oBsiM [39]. MaTpuuHble 3j1eMEHTHI YHHUTAP-
HOTO OmepaTopa OTJIMYHBI OT HYJIS TOJILKO TOTAa, KOorja
Toukn (x,fp) u (x’,¢) jexar BHyrpm "mporuroi" uactu
CBETOBOT'O KOHYCA, BHIMYIIIEHHOTO U3 TOYKH I, M HAaKpbIBato-
meil 061acTb, B KOTOPO#M OTJIMYHA OT HYyJSl aMILTUTYIa
COCTOSIHUSI B MOMEHT fy. K MOMeHTYy He OoJiee paHHEMY,
yeM L, aMIUIMTyJa UCXOJHOTO COCTOSIHUS MOXET OBbITh
YHUTapHBIM 00pa3oM IpeoOpa3oBaHa B COCTOSIHUE CO
CKOJIb YIOOHO CHJIBHO JIOKAJIM30BAHHOW aMIUIUTYA0N B
okpectHocTH [. TIpMHIMIHUAILHO BaXXHO, YTO 3TO OyIeT
yXkKe dpyeoe COCTOSIHUE, OTJIMYHOE OT MCXOIAHOTO (X — 1p).
K MomenTy I' 1OCTYIMHBI 3HAYEHUS] AaMILTUTYBI COCTOSHIS
IpU BCeX X cpa3y (MTHOBEHHO). Tenepb MOXXHO MTHOBEHHO
MOJIYYUTh MCXOJ M3MEPEHHUS] U UMETh IMOJIHYIO (C BEpOsT-
HOCTBIO 1) nHpOpPMAIIHIO O COCTOSTHUH. EClin mapa MCXOTHBIX
COCTOSIHUI OPTOTOHAJIbHA, TO MOKHO YHUTAPHBIM IIpeodpa-
30BaHHEM TOJIYYHTh TAKXKE MApy OPTOTOHAIBHBIX COCTOSI-
HUT K MOMeHTY [ 1, ciieJoBaTeIbHO, TOCTOBEPHO OTJIUYUTH
OAHO OT JPYroro (Temepb y>XKe MOXHO BOCIOJIb30BATHCS
TeopeMoii [9] 0 TOCTOBEpPHOW Pa3IMYMMOCTH OPTOTOHAJIb-
HbIX cocTosinuit). [ToguepkHeM errie pa3, 4To 3TO OYAYT yxke
Opyeue OPTOTOHAIBHBIE COCTOSIHUS, OTJIMYHBIE OT UCXOIHBIX.
"BoccraHoBieHre" WM KOMUPOBAHHUE COCTOSIHUSL TaKKe
MOXET OBITh PEaIn30BaHO OOPATHBIM YHUTAPHBIM MPE0O-
pazoBanueM, "HanpasiieHHbIM" Bnepen Bo Bpemenu. Co-
CTOSIHME C TOH xe (POpMOIN aMILTUTYAbI, YTO U HUCXOJHOE,
MOXET OBITh MOJIYYEHO K MOMEHTY He 0oJiee paHHEMY, YeM
MOMEHT, ONpEACIIEMbIA PEIITUBUCTCKOW MPHIMHHOCTHIO.
AMILTATYIA COCTOSIHUS C TO# ke POpMOI, KaKk y UCXOTHOTO,
HAXOJIUTCS B IIEPEIHEH YaCTH CBETOBOI'O KOHYCA, BBIMTYIIICH-
Horo u3 Touku I'. TToslydeHHOE COCTOSIHUE TAKKEe Opyeoe 1o
CPaBHEHUIO C UCXOJHBIM, B TOM CMBICJIE, YTO OHO 3ama3/Ibl-
BaeT MO BPEMEHH MO OTHOIIIEHUIO K KICXOTHOMY COCTOSHHIO,
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KOTOpO€ YCmejao Obl PACHpOCTPAHUTHCS BIEpPEd MO X K
MOMEHTY L Kak pa3 Ha BeJuuuHy L, eciu Obl He ObLIO
TOTBITOK KOMMPOBAHUS WJIN TIOJTyYeHHs] HHPOPMAIIH O HEM
(puc. la). Iloka peub IUIA O MOJIydeHUH HHOOpPMAIUU O
COCTOSIHUSIX B KaHalie ¢ BeposiTHOCThIO 1. Te ke camble
pacCyXIeHusT TOASTCS [UIsl TOJydyeHusT HHOpMAIUU C
BEPOSITHOCTBIO, MEHBIIEH eIUHMIBI. 3aJepXXKa MPU 3TOM
Oynet Menblie L (cMm. puc. 1).

IMonmo6ubBIe paccyxaeHUsT pabOTAIOT U B HEPEISATUBUCT-
cKoM city4yae. Eciii HTHOPHPOBAThH OrpAHUYCHHUSI CIICINATb-
HOW TEOPUH OTHOCUTEIBHOCTH, TO B MIPEIBIIYIIEM PACCMOT-
PEHHMU HYXHO OTOPOCHUTH Ty YacTb, KOTOpasl anesIupyeT K
CBETOBOMY KOHYCY. [Ipu 5ToM yHUTapHBIE TPe0oOpa3oBaAHUS
MOXHO AeJIaTh (POPMaIbHO MTHOBEHHO, U M3 PACCMOTPEHUS
MOJHO HCKJTIOUUTH JIaXe SIBHOE MPUCYTCTBHE KOOPAMHATHI,
OCTaBUB HESBHO TOJLKO TO, YTO NMPU YHUTAPHOM Tpeodpa-
30BaHUU COCTOSIHUSI JOCTYIHBI LEIMKOM (LIEJMKOM MIHO-
BEHHO JIOCTYIIHA BCSI TPOCTPAHCTBEHHASI 00J1aCTh).

AHAJIOTHYHO MOXHO TPOBECTH PACCYKICHHsI, KOTIa
COCTOSIHME YHHTApHBIM 00pa3oM mpeoOpa3yeTcsi B COCTOSI-
HUE BCIIOMOTaTEJIbHOMU JIOKAJIA30BaHHOU cucTeMsl. [Ipumep
Takoro YHHUTApHOTO NpeoOpa3oBaHUsI UMEET MECTO INpHU
"ocranoske" cera [48]. [JaHHOEe yHUTApHOE NMpeodpazoBa-
HUE TIEPEBOAUT COCTOSIHME (POTOHHOTO TOJSI B BaKyyMHOE
COCTOSIHUE BCJIEJICTBUE ero 0e3MacCOBOCTH U HEBO3MOXKHO-
CTH UMETh HYJIEBYIO CKOPOCTh PACIPOCTPAHEHHUSI, & COCTOSI-
HUE aTOMHOM CHCTEMBbI — B HEKOTOPOE HOBOE COCTOSHHE.
IIpeoOpa3oBanue, OyAyud YHUTAPHBIM, TaKXkKe TpeOyeT
JOCTyHa KO BCEM 3HAYEHMSIM aMIUTUTYAbl (OTOHHOTO
TakeTa B TOYKE JIOKAJU3alMM aTOMHOU cucteMbl. Takoi
JIOCTYI JOCTUTAeTCsl €CTECTBEHHBIM 00pa3oM Mo Mepe
pacIpoCTpaHEHHs MAKETa CO CKOPOCTBIO CBETA M JTOCTHIKE-
HMS MM JIOKQJIM30BaHHOM aToMHOM cucteMbl ("Bxoxaenue"
MaKeTa IeJIMKOM B aTOMHYIO cHcTeMy). JlaHHBIA mporece,
€CIIU pevb UAET O MOJYyIeHIH Pe3yIbTaTa C BEPOSTHOCTDIO 1,
Taxke TpedyeT BpeMeHH L (0AHOMDOTOHHBIN MaKeT AOJIKEH
nesmkoM "Boittn" B atomMuyro cuctemy). [lpu 3TomM GoTOH-
HOE TI0JIE OKA3BIBACTCS B OpYeOM — BAKYYMHOM — COCOSA-
Huu, a BCIIOMOTATEJIbHAS CHCTEMa OKa3bIBACTCS B HOBOM
COCTOSIHUH B 3aBUCHMOCTH OT BXOAHOTO ()OTOHHOTO COCTOS-
Hus. K MomenTy BpemMenm L ¢ BEpOSITHOCTBIO 1 MOXHO
BBISICHATD, YTO 3TO 3a COCTOSIHUE W IIPUTOTOBHUTH TAaKOE K€,
HO ¢ 3a/IepXKKOi Ha L, koTopasi HeM30eXHa B 9TOM CiIyyae B
OTJIMYME OT CJiydasi CBOOOJHOIO PACIpPOCTPAHEHUS] UCXO[I-
Horo nakera (puc. 10).

Taxum 06pazom, 40boe noayueHue uHghopmayui 06 00HOM
U3 OPMO2OHAALHBIX COCMOAHULL NPUBOOUNM K HEU30ECHCHOI UX
MOOupuKayuu — MPAHCAAYUU 6 NPOCIPAHCINGE-8DEeMEHU
(3adepacke).

J1st najpHEeNIIero TakkKe BaXHO, YTO HUKaKasl 3BOJIFOLMS
6e3MaccoBOr0 KBAaHTOBAHHOTO MOJISl, B3AUMOIEHCTBYIOIIET O
C OKpYXEHHEM (OPYTUMH KBAHTOBBIMH M KJIACCHYECKIMU
CTENeHsIMA CBOOOJABI B KaHaje), HE MOXET IMPHBECTH K
"cxaTuro" COCTOSHUS, B TOM CMBICIE, YTO HOPMHPOBKA
cocTosIHUSI OyJeT HaOupaThCcsi B MPOCTPAHCTBEHHON 00Jia-
CTHU, BBIXOJISIIIIEH 32 CBETOBOM KOHYC, KOTOpasi MEHbIIIE, YeM
TakoBasi Ipu CBOOOAHOM pacnpoctpaHenuu (puc. 2). Kax
MPaBUJIO, TAKOE B3aMMOJNEHCTBHE NPUBEAET K TOMY, YTO
COCTOsIHME OyAeT CMENIaHHbIM, HO HOCHUTEIb MAaTpPHIIBI
MJIOTHOCTH B TPOCTPAHCTBE-BPEMEHU HE MOXET ObITh
"cxxat" ¥ BIBEIEH 3a CBETOBOM KOHYyC (cM. puc. 2). B mpo-
THBHOM CJIydae 3TO MO3BOJISIIO ObI mepesaBaTh MHPpOpMa-
IO C TOMOUIBIO KBAHTOBBIX COCTOSIHUH OBICTpee CKOPOCTH
cBeta. JIeHCTBUTENIbLHO, MYCTh HMMEETCS OJHO W3 Maphl

<L

Puc. 2.

OPTOTOHATBHBIX KBAHTOBBIX COCTOSIHHH (CM. puc. 2). Ydact-
HUK A MOXET W3BJIeYb KJIACCHYECKYIO HH(POpMAIMIO W3
KBaHTOBOTO COCTOSIHUSI HE paHee, YeM B MOMEHT BPEMEHH,
OTIpeIeIISIEMBbI YCIIOBHEM HAKPBITUS AMILIATY Il COCTOSTHHUS
"nmpouutoit" yacTero cBeTOBOrO Komyca. Ilocie 3Toro o
MOXET MepPelaTh YKe KIACCHICCKYI0 HH(DOPMAIMIO y4acT-
Huky B. Takas nmepemaua He MoxeT OBITh cellaHa OBICTpee,
4eM CO CKOPOCTBIO CBeTa (HAOIIOJATE N COSIMHEHBI BETBBIO
CBETOBOI'0 KOHYca (cM. puc. 2)). Eciiu ObI B pe3ysibTaTe cBOCH
9BOJIFOIIUM KBAHTOBOE COCTOSIHUE B KaHaJIe MOTJIo "ckaThes”
TaKUM 00pa3oM, YTO IPU HAKPLITUU COCTOSHUS "ipounioi”
4aCTBIO CBETOBOTO KOHYyCa BEPIIMHA KOHYCA OKAa3bIBAJIACH B
00J1acTH, MPOCTPAHCTBEHHOMOIOOHO! CBETOBOMY KOHYCY C
BEPINMHOW B TOUKE A, OJTHA U3 BETBEH KOTOPOTO MPOXOTUT
yepe3 TOuky B, To HaOmomatenr B mor Obl u3BjcYb
KJIACCHYECKYI0 HMH(OPMAIMIO M3 KBAHTOBOIO COCTOSIHUS
paHbllle, 4eM MOTI OBl MepenaTh €e CO CKOPOCTBIO CBETa
YYACTHHK A, TOCKOJIBKY BEPIIIMHA CBETOBOT'O KOHYCA, HAKPBI-
Baroniero "cxkatoe" KBAaHTOBOE COCTOSIHME, BBIXOOUT B
IIPOCTPAHCTBEHHOIIOJOOHYIO O0JIACTD.

C mouku 3peHus Kpunmozpaguu CKA3aHHOe 03Haudaem,
UMo wym 8 Kama.e He 0aem noocAyuUamero 603 MONCHOCU
HU CKONUPOBAMb, HU NOAYUUMb UHPOPMAYUIO O COCMOAHUU
panvuie, yem Mo OUKMYemcA 02PAHUYeHUAMU PeASMUSUCHI-
CKOTl NPUYUHHOCINU U K8AHMOBOU MeXaHukol (gpakxmuuecku
K8aHmMosoti meopuei o).

IIpuBseuyeHne HOBBIX (HYHIAMEHTAIBHBIX (DU3UUCCKUX
MPUHIUIOB B KBAHTOBYIO KPUOTOrPa(uIo MO3BOJISIET chop-
MYJMPOBATH HOBBIN MOAXOJ K OOECHEUEHHIO CEKPETHOCTH
nepeavd KItoYel, KOTOPBId CHEMAeT TPYIHOCTH, UMEIO-
IHecs: B HEPEJIITUBUCTCKON KBAaHTOBOM Kpuntorpadun (cM.
nertasm B [38]). ITomoOHBbIE KBAHTOBBIE KPHIITOCUCTEMBI
€CTECTBEHHO HA3BIBATH PEJIITUBUCTCKIMH.

PaccMOTpUM KpaTKO TEOPETHUYECKYIO IPEICIbHO JOCTH-
KUMYIO CKOPOCTh TeHEPAIUU CEKPETHBIX KJIFOUEH B KBAHTO-
Boil kpunrorpaduu® uepes KBAHTOBBIA KaHAT CBSI3M C
KOHEYHO! 4acTOTHOM MOJIOCOM mpomyckanus W.

B kjaccudeckoM citydae, KOT[a CUTHAJ OMMCBIBACTCSI
GbyHkimei BpeMenu x(), 4ucio 6ut uHbOpMAIUH, KOTOPOEe

4 Ceityac CKOPOCTb PACIIPOCTPAHEHHUS! KJIFOYEH B KBAHTOBOI KPUNTOrpa-
Gun onpenessieTcss OTHIOAb HE NPUHIMIHAIBHBIMU OrPAHUYCHUSIMH, &
YPOBHEM TEXHOJIOTMH, TOYHEE, BpDEMEHEM BO3BPALLECHHs JIAaBUHHBIX (OTO-
JIETEKTOPOB B HCXOJHOE COCTOSHHE IIOCNIE perucTpauuu (PoToHa u
addexramu adrepnancunra (afterpulsing).
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MOXKeT ObITh MEPEIAHO Yepe3 KaHaJl C KOHEYHOW YaCTOTHOU
TOJIOCOM, COTJIACHO 3HaMeHuTou Teopeme B.A. KotenbHu-
KoBa 00 oTcyerax, qoka3zanHoi B 1933 r. [49] (cm. mpuito-
xeHnue k goxany H.B. KoTelbHIKOBOI B TaHHOM BBITYCKE),
OTpEICIIAETCS YUCIOM HE3aBHCHMBIX CTEMEHEHl CBOOOIbI
CHTHaJla, B 3HAYEHUE KOTOPOr0 MOXHO KOAWPOBATH Iepe-
naBaeMyro nHpopMmaimio. B Hair mudpoBoii Bek TeopeMa 06
otcueTax "paboraer" B 11060M yCTpOIicTBE, 00padaTHIBALO-
IIEM HJTH TiepeaaroieM HHGHOPMAIUIO B UG POBOM BH/IE.

Krnaccuyeckuii CUTHaI ¢ KOHEYHON 4aCTOTHOM IMOJIOCOM
omuceiBaeTcst GyHKIMed BpeMenu x(¢). Ha koHeuHOM Bpe-
MeHHOM uHTepBatie (— 7, T') curaai x(¢), Kak BOepBbIe ObLIO
noka3zano B.A. KoteiabuukoBbM [49], onpenensercs 2WT
CTETEHSIMH CBOOOTBI B TOM CMBICIIE, YTO IIPH PA3JIOKESHUH 110
OPTOTOHATBHON cucCTeMe (DYHKITHIA,

x(l) = anen(l)v (5)

JIOCTATOYHO OTrpaHn4uThCs 2 WT ciiaraeMbIMu, JJ151 KOTOPBIX

JT 0,(2) 0 (£) At = Spi(WT), In(WT) 2 1. (6)
-T

B pabote [49] B kauecTBe 6a3ucHbIX QyHKIM 0, (1) UCIOITb-
30BAJIUCh TAK HA3BIBAEMbIE OTCUETHBIE (DYHKIIH

_ sinW(t—nn/W)

A T 7

Basuc u3 orcueTHbIX (QyHKIME oOJiamaeT 3amMevaTebHbIM
CBOMCTBOM: 3HAYEHHS KOIPPUIUEHTOB PA3IOXKEHHUS IO
9TOMY 0a3ucy X, paBHbI 3HAYCHUSIM CAMOTO CHrHaja x(7) B
OTCYETHBIE MOMEHTBI BPEMEHH. DTO O3HAYAET, YTO JIJIS
OTIMCAHMS HEMPEPHIBHOTO CHTHAIA B JIFOOOW MOMEHT Bpe-
MEHHM TOCTATOYHO 3HATh €ro 3HaueHus Juillb B 27T Toukax
110 BpEMEHH.

Hwxe mam 6ynet yaoOHee UCTIOIB30BaTh Apyrue 6a3uc-
Hble (QyHKnmu. Yucno Takux QyHKIMHA, HauboJee CHIIBHO
JIOKaJIM30BaHHBIX B okHe (—7,7), MpH 3TOM OCTAETCs
npexHuM. Kpome Toro, nansble yHKIMU BO3HHUKAIOT U B
KBaHTOBOM cJly4ae, IJe OHM UTPAIOT POJIb OJHOYACTHYHBIX
aMIUTUTYT (BOJTHOBBIX (YHKIHMN) 1JIsi (POTOHOB, KOTOpPBIC
HamboJiee CHJIBHO JIOKAJM30BAHBI BO BPEMEHHOM OKHE
(=7,T).

OpTOroHajJbHOCTh Oa3UCHBIX (YHKIMHA C HOCUTEJEM B
KOHEYHOU 4acTOTHOM moJjioce W NpuBOJUT K YCIOBUIO

JT 0,(1) O (1) dt =

-T
1

STt
Tk < w) Jer < |w)

oo 8
:%J 0,(1) exp (—ike) dt. ®

—00

On(K)

BasucHble (yHKIMM OPTOTOHAJIBHBI, €CJIM OHU YIOBJETBO-
PSIIOT CJIeYIOIEMY MHTErPaJIbHOMY YPABHEHUIO:

1 sin(k —k")T
wornyow =1 [ =g wac. o)

CoOCTBeHHBIE YHCIa 3aBUCST TOJIBKO OT mpousseaeHus WT
u 00pa3yroT OECKOHEUHYIO CEPHIO

1>M0(WT)>WL(WT)>...>0.

7Y®H, 1. 176, Ne 7

CreneHb JIOKANIU3AIMU KBApaTa n-ii QyHKINK BO BpEeMeH-
HOM okHe (— T, T') ompezessieTcs COOCTBEHHBIM YHCIOM

JT 02(r)dt = 2,(WT). (10)

n
-T

WuTerpanbHoe ypaBHeHHe (9) onpe/iesisieT TaKk Ha3bIBaeMbIe
(¢ysakimu BeITSHYTOrO chepouma (prolate spheroidal func-
tions) [50]. CoOGCcTBeHHBIE UHCIa 00JIATAFOT TEM 3aMevaTelb-
HBIM CBOMCTBOM, uTO npu Oonbmux WT, WT > 1, pa3ou-
BAIOTCS Ha JIBE I'PYMIbL: OJHA ¢ HOMepamu n < 2WT, s
KOTOPBIX A, (WT) = 1, u apyras ¢ Homepamu n > 2WT, nis
KoTOpBIX A,(WT) =~ 0. PazMmep mepexomHOH OT OZHOTO
MOBE/ICHUSI K NIPYroMy OO0JACTH 1O HOMEpaM COCTABIISET
~In (4nWT), 1.e. s mr0bOrO £ > 0

W171£r»10c ;“2WT(1—8)(WT) =1, WlTiEloo i2WT(1+L~,)(WT) =0.

(11)

D10 03HauaeT, yTo npu Oompumx WT mmeercss He Ooliee
2WT(1 —¢) OpPTOrOHANBHBIX (Pa3JUYUMBIX) (QYHKIHIA,
BKJIA[T KOTOPBIX BO BpeMeHHOM okHe (—T, T') cTpeMHuTcs K
enunune. Ecim ucnonb3osats Gomee uem 2WT(1 + ¢) creme-
Hell CBOOOMIBI, TO CpPeIud HUX OYIyT COCTOSIHHS, KOTOpPbBIC
Jal0T BO BpeMeHHOM okHe (—7,7) ucuesarolie Majblil
Bkaaa. Ipu Gonpiux WT curHai x(f) B KOHEYHOM 4acTOT-
HOM MOJIOCE HA KOHEYHOM BpPEMEHHOM HMHTEPBAJIe OIMCHI-
BaeTcsi He Oosiee ueM 2WT He3aBUCUMBIMHU (OPTOTOHAJIb-
HBIMH ¥ PA3JIMYUMbIMU) CTETICHSIMHU CBOOO/IbI U MOXKET OBITh
3aad 2WT He3aBUCUMBIMU KO3(D(DUITUECHTAME Pa3JI0KEHUS
Xy

Ecmm xnmaccmvecknii NCTOYHUK C KOHEYHONW YaCTOTHOU
nojiocoi W reHepupyeT CHUTHAJIbI, JIOKAJU30BAHHBIE BO
BpeMeHHOM okHe (—7,7) Takum odOpa3zom, 4To Ko3du-
LUEHTHI PAa3JIOKEHHS] 3aJal0TCS B COOTBETCTBHM C 3aJaH-
HBIM PACIIPE/ICIICHUEM BepOsITHOCTEH p(x,) HA MHOXKECTBE
9TUX KOAQPUIUEHTOB X, (3HAUCHUI aMILIUTY/I CHTHAJA), TO
SHTPOMHS UCTOYHHUKA ONIPECIISICTCS BETUIMHON

I(WT7 p(xn)) = ZWTH(p(xn)) 5
H(p(x’l)) = Z p(xn) 10g p(xn) .

n

(12)

Janee, eci 3TH CUTHAJIBI NEPEJAIOTCS Yepe3 MIeaIbHbII
(6e3 myma) gusmueckuii KaHaJ CBSI3U, HAIIPUMEP C TOH ke
YaCTOTHOHU MOJIOCOU mpomyckaHust W, To SHTpONUs UCTOY-
Huka (12), mo cyiecTBy, COBIAIAET CO B3AUMHOU UHPOpMa-
Ueil MEeXJIy BXOJIOM M BBIXOJIOM TaKOTO KaHalla CBSI3U.
Torpa mpomyckHasi CHOCOOHOCTh B €JIWHUIY BPEMEHU
(MCTOYHUK + (PU3UUYECKUI KaHATI CBSI3U + IPUEMHUK ) OTIpe/ie-
JIIETCS KaK

1
C= lim — max I(WT, p(x,)) = W max H(p(x,)) .
=00 2T {p(x,)} (WT, plo) {p()} (peen)
(13)

JJj1s1 cpaBHEHHUsI KJIACCHYECKOTO U KBAHTOBOTO CJIy4YacB
HaM NOTPeOYIOTCS CJICAYIOIINE KaueCTBEHHbIE COOOpaxke-
Husi. B pamMkax Kiaccmueckoil (DM3WKM HET HUKAKux (op-
MaJIbHBIX 3alpPEeTOB Ha W3MEHEHHe 3HAYeHWH K03 UImeH-
TOB Pa3JIOKEHUS X, (AMILUIUTYIT OPTOTOHABHBIX OA3UCHBIX
¢byuakimit 0,(1)) co CKOJIb YrogHO MAaJOH JUCKPETHOCTBHIO
(renipepbIBHO). [TOCKOJIbKY MHTEHCHMBHOCTH KJIACCHUYECKOTO
CHTHANA X2, HATIPUMED [UIs SJEKTPOMATHHTHOTO TIOJS, B

KaxI0il otnenpHOi Moxae 0,(f) mpencraBisier coboit ¢
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TOYHOCTBIO O MHOXHUTENS = filW umuciao GOTOHOB B ITOMH
MoOJie, TO I3MEHEHNEe YPOBHS CUTHAJIAa MOXET POUCXOIUTH C
KOHEYHO! TUCKPETHOCTHIO. JI1si KoaupoBaHus ”HGOpMATIHA
B 3HAYCHUS X, HEOOXOIUMBI, IO KpaifHeil Mepe, IBa 3HAYCHHS
(xn2 X Nmax, Nmax MakCHUMaJIbHOE YHCJIO BO3MOXHBIX
sHavenuii x). TToJIHOE YMCIIO Pa3HBIX 3HAYEHMH [ BCEX
MoJ ecTh (v/Nmax )2WT. Eciu xaxoe 3HaueHne BEIOUpaeTcs
C paBHOU BEPOSITHOCTBIO, TO SHTPOMNHS HCTOUHMKA (12) paBHA
I(WT, p(xy)) =2WT log (\/ Nmax ) - (14)
ITponyckHas crnocoOHOCTH (8) B €AUHUIY BPEMEHH TpU
MHHHMAaJIbHOM YpOBHE curHaia (Np,x = 2) ecThb

C=Ww. (15)

Dopmyaa (15), qeasa0wasca no cywecmsy opy2oi 3anucvro
meopemvl B.A. Komeavnuxosa 006 omcuemax, onpedeadem
KoAuuecmeo ungopmayuu 6 oOumax Ha OOHy CMeneHv C8o-
00001, KOMOpoe Moxcen OblMb NEePeOaHo 8 eOUHUYY 8PEeMEHU.

CTporo roBopsi, MPUMEHITh (HOPMYJIBI, KOTJA YHCIa
3aI0JIHEHAS] MOJT MaJIbI, HEJIB3SL.

Hanee Hac OyneT MHTEpecOBaTb MPOIYCKHAsI CHOCO0-
HOCTb B OJHO(OTOHHOM pexxume (Yucia 3aMOJHEHUST MO
paBHbI enuHuUIEe). VIMEHHO 3Ta BEeJMYMHA U OyleT ompeje-
JIATH CKOPOCTH TeHEPAINU KJII0Ua B KBAHTOBOW KPHIITOTPa-
(um yepe3 KaHaJ C KOHEYHON YaCTOTHOM moJtocoi W.

IIpuBeneHHBIE paCCyXXIACHUSI ObUIA HYXXHBI JIJISI Ka4ecT-
BEHHOT'O CPAaBHEHHS KJIACCMYECKOTO M KBAHTOBOTO CJIYYaes.
Hamma 3agava Oyaert (pakTHUECKU CBOJIUTHCS K MOJICUETY IS
HCTOYHMKA C KOHEYHOM 4YaCTOTHOM mojiocol W umcia
BO3MOXHBIX OPTOTOHAJILHBIX MHOTO(GOTOHHBIX COCTOSIHHUH,
JIOKQJIN30BAaHHBIX BO BpeMeHHOM okHe (—T,T). Paccmor-
pUM cHavaJia OTHO(POTOHHBIE COCTOSHUS Ha BBIXOJIE UCTOYU-
HUKa, KOTOPBIE 3aTEM PACIIPOCTPAHSIOTCS] B OJJTHOM HAIPaB-
neanu (k > 0) 1 UMEIOT HOCHTENb B KOHEYHOW YaCTOTHOMU
nosioce W (k € [0, W]). ByaeM HTHOpHpOBATH MOJISIpHU3a-
[IMOHHBIE CTETIEHU CBOOO/IBI TIPU KOJUPOBAHIH B PA3JINIHbIE
(bopMBI aMIUTUTY T COCTOSIHUM, ONAThH paau OoJiee OJM3KON
QHAJIOTUH C KJIACCUYECKUM cliydaeM. JlJIst ypoleHust BbIKJIA-
JIOK TMOJIOKUM ¢ = i = 1. ImeeMm

oy = | %
(p - 0 k

o0

dzo(7)l7) ,
(16)

o(k,k) (k>0) nu ¢(t) — aMIIATYABl OAHODOTOHHOTO
HakeTa B MMIYJIbCHOM M MPOCTPAHCTBEHHO-BPEMEHHOM
MIPE/ICTABJICHUH COOTBETCTBEHHO,

1 JW dk
=—| —exp(—ikt)@(k,k),
o v p (—ikt) (k, k)

o) = L j—’; exp (ike) [K)

J1s1 6e3MaccoBOTO MOJISL T = X — ¢ 3aBUCHUT JIMIIb OT Pa3HO-
CTH KOOPAWHATHI M BPEMEHH, CJIEIOBATEIIBHO, €CIIH Pe3yJIb-
TaT U3MEPEHHUs MMEI MECTO B OKPECTHOCTH TOYKH X B
MOMEHT BPEMEHH !, TO TAKOH )K€ PE3yJIbTaT MOXET ObITh
HOJIy4eH B Touke x’' B MoMeHT t' =1+ (x' — x). Humxe,
yIIOMHHASI O BPEMEHHOM OKHe, OyJeM HMeTh B BHUIY, UTO
(=T, T) o3nauaer (—(x — 1), (x — 1)).

Ham mnotpebyercst BbIOpaTh aMIiuTyay (BOJHOBYIO
(yHKIMIO) OTHOPOTOHHOTO TIAKEeTa C HOCHUTEJIEM B KOHEY-
HOW 4acTOTHOM moJioce W Tak, 4ToObl OT Hee HaOMpasach
MaKkcHMallbHasi HOPMHPOBKA B IPOCTPAHCTBEHHO-BPEMEH-

o (k, ko = K|} a* (K)[0) = j

—00

Pt
(17)

|k) = a* (k)|0).

HOit obsmactu — okHe (—7, 7). PopMajbHO CTENEHb JIOKA-
JIM3alUK OIHMCBIBAETCSl U3MEPEHHEM B 3TOM OkHe. JIro6oe
u3MepeHue HaJ OZHO(OTOHHBIM IIAKETOM BO BPEMEHHOM
OKHE OIUCHIBAETCS PA3JIOKEHUEM €AMHHIBI B OTHOYACTHY-
HOM IOJIIPOCTPAHCTBE, KOTOPOE UMEET BHT

m _ ["dk (1) () (7
= W)k = 10(T) +10(T) =
dz

T
dr J
= — |T)(T| + — |T)(7]|.
L ) 2 0

C yueroMm (12), (13) omepatop, COOTBETCTBYIOLIUN BPEMEH-
HOMy okHy (— T, T'), IpeACTaBISICTCS B BUIE

(18)

1) = Y ], 1) = [ 00,

n= 0
: (19)

Camu byukuun 0, (k) ABIsIEOTCS COOCTBEHHBIMU (DYHKIASIMHA
MHTETPAJILHOTO YpaBHEHHsI, OTJIMYAroNIerocs ot (9) TOIbKo
TEeM, YTO HHTErpUPOBaHUe BesieTcsi 1o oTpesky [0, W]. Uucio
GbyHKIMH, JTOKAIN30BAHHBIX BO BpeMeHHOM okue (—7,T),
6ynmer paBHo WT. o cytu, BekTopsl |0,) siBisitoTCST COO-
cTBeHHBIME BekTopamu onepatopa 1) (T) — B Gasuce 3Tux
BEKTOPOB omepaTop AuaroHajeH. Jlroboe m3MmepeHne Haj
HCXOJHBIM COCTOSIHUEM, KOT/1a TOCTYITHbI UCXOABI JIUIIb BO
BPEMEHHOM OKHE, 3KBHBAJICHTHO U3MEPEHUSIM HaJl CJIeIyO-
et 3¢ (peK TUBHOM MaTPHUIIECH IJIOTHOCTH:

p(T) = Z’ln(WT) It (WT)[02)(0n]0) (@0r7) (O |+

+Te{IY(TD)lo) ol }7)(?).

3nech BBeACHO (opmalibHOE COCTOsiHHE |?), KOTOopoe
SIBIISICTCS. OPTOTOHAJIBHBIM BCEM COCTOSIHHSIM U OIHUCBHIBACT
HCXOJbl BHE BPEMEHHOrO OKHA. Takue MCXOIbI OTBEUYAFOT
CHTyalud, B KOTOPO# BHYTpH OKHaA BooOIe He OBLIO
cpabaTpiBanms anmapatypsl. DddexTuBHAS MaTpUIA TUIOT-
HOCTH C YYETOM TAKUX HCXOJIOB, KOTOPBIM JTOJDKEH OBITh
MPUIKICAaH HEOTpeIeJICHHBIH (inconclusive) pe3yIbTaT, UMeeT
enuHnYHBIN ciief. [Ipu 60ombiiux WT MOXHO BBIOpATh OTHO
u3 WT opTOroHaJIbHBIX (pa3JIMYUMBIX) OJHO(POTOHHBIX
COCTOSIHII, KOTOPOE C BEPOSITHOCTBIO, CKOJIb YTOHO OJIm3-
xoii x emuaune (4,(WT) = 1), noxammszosano B okue (— 7, T')
U KOTOPOE HMEET B 3TOM OKHE I(D(PECKTHUBHYIO MATPHILY
IUIOTHOCTH

(20)

pu(T) = An(WT)|02) (0] + (1 = 2u(WT)) )2, (21)

1<n<< WT.

ITycTb MCTOYHMK T€HEpUpPYyeT B pabouyeM BPEMEHHOM OKHE
(N = WT)-poToHHBIE COCTOSHHUS BUAA

|9nl§- . -;611,y> =
w W dk dk
:J J S N, (ky) O (k) K K
0 o ki ky
ki, ... k) =a* (k) ...a"(ky)|0), (22)

rac O606H_ICHHLI€ 0Ga3nCHLIE BEKTOPBI IMMOJJHOCTBKO CUMMET-
PUYHBI 110 NICPECTAHOBKAM YaCTHUIL!

kiky... k -
kv, k) =/ TNZb(kl =) -

' {7}

. 5(kN - qjN) y
(23)
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CHMBOJI {j } 03HA4aeT, 4TO CYMMHUPOBAHUE MPOUCXOIUT 110
BceM InepectaHoBkaM. CkoHcTpyupyem tenepb (N = WT)-
(hoTOHHBIE MATPHUIBI IUIOTHOCTH. UHUCIO 3aIOTHEHHS KaXK-
JIO¥ OJTHOYACTUYHOW MOJIBI IPH 3TOM paBHO 1. MHOXeCTBO
BeKTOpoB B (17) C pa3nuMyHBIMU MHJEKCAMH O0pa3yroT
coberennble BekTophl onepatopa I[N (T) B (N = WT)-
(OTOHHOM TOINMPOCTPAHCTBE, AHAJOTHYHO OJHO(OTOH-
HOMY ciryyaro. Mmeem

w 7% k k
1<N>:J J de A ks ] =
0 o ki ky
= 19(7) + 19(T), -
! T dr dt
IN(T :J J an oo SN oo
(T) ) 2 [t T (T s Tl
B Z j'nl(VVT).../ln“V(I/I/T)‘()’“;''';0’1N><0n|;---§0;l,v|'
ny,..ny=1 (25)

IMoncunraem uncio opToroHaNbHbIX (N = WT')-hOTOHHBIX
cocrosiunii. Ecm 661 N = WT GOTOHOB SIBJISITACH OBl
pPa3sIMYUMBIMHU, TO YUCIO OPTOroHaNbHbIX (N = WT)-ho-
TOHHBIX BEKTOPOB B okHe (— 7, T'), IOKATN30BAHHBIX B HEM C
BEPOSTHOCTBIO TOYTH €IMHUIA, paBHsUIOCh ObI NV (6e3
y4yeTa MoJIsIpU3aIMOHHBIX CTeneHel cBoO0Ib1). B cumy mpuH-
IUITa TOXIESCTBEHHOCTH 0O30HOB ((DOTOHOB) UYHMCIO TAKHX
BEKTOPOB, KOTOpOe 0603HA4YMM st yao6eTBa kak 2MWT)
paBHO unciy criocoboB pasmerenuss N = WT TOX1eCTBEH-
HbIX vactul no N = WT cocrosausiM. Takum oOpazom,
nmeeM [51]

HMWT) _ (N+N-1)!

—_— N=WT 26

(N-=1)IN! ’ (26)

npu Oonpmux N ¢ yuyetom ¢Gopmyabl CrupiauHra
(N! ~ (N/e)NV/2rN)

log2M"T) = 2Nlog2 = 2WT. (27)

ITycte B KaxaoM paboyeM BPEMEHHOM OKHE HCTOYHMK
FeHepHPYET C PaBHOIl BepOSTHOCTHIO ommo u3 2MWT)
oproroHaibHbix (N = WT)-bpoToHHbIX cocTosiHmiA. Ecim
HCTOYHHUK paboOTaeT JOCTATOYHO JOJITO, TO CTATUCTUYCCKUI
aHcaM0Jib, B KOTOPBI MOXET ObITh 3aKOJAMPOBAHA KJIACCH-
yeckast HHHOPMAIHsl, ONMICHIBACTCS MATPULEH INTOTHOCTH

1
P(M(WT)) = Sy > 0us- 50,0050,
ny,..., NN (28)

MaxkcumanbHas sHTponus o Helimana ancamOis qoctu-
raercs Mpu PaBHOBEPOSTHOM BbIOOpe BekTOpoB. MHpopMma-
1Sl B KOHEYHOM BpeMeHHOM okHe (—7, T') u3BjeKaercs u3
3(hGEKTUBHON MATPHUIIBI TUIOTHOCTH

1

p(T) = ZM(WT) X
XY (WT) o g (WT) |05 00) O -5 O |+
Ay N
1
+ 3T S (= dn (WT) e (WT))2)(2]. (29)

Ny eIy

IMpu Gonbiux WT Henb3si CKOHCTPYUPOBATH CTATHCTHYEC-
ckmii aHCAaMO6IIb, TIOCTpOeHHsIH 13 6ostee uem 2 MW7) opTo-

7*

roHanpHbIx (N = WT)-poToHHBIX cocTosiHuid. Kiaccnye-
ckasi nHpopmManus, KOTopas MOXET ObITh 3aKOJUPOBAHA B
ancam6ib p(M(WT)) u ussneuena u3 p(T) (29), naercs
BEJIMYMHON ;{(p(T)), cienyromeil n3 GpyHIaMeHTaIbHOTO
HepaBeHCTBa, moJyueHHoro BrepBble A.C. XosieBo (cMm.
noapo6HocTH B [52]). [TockonbKy cocTOSHUS |0y, . .. ; Oy) 1
|?) sBaisiroest wnetbivu, TO ¥ (p(7')) coBIagaeT ¢ SHTPOIHeH
¢don Heiimana uist p(7'), oTcrona umeem

1(p(T)) = =Tr {p(T)log p(T)} =
_— i (WT) Iy (WT)

2 M(WT)

Ny, NN

log (zm (WT). ..i,,N(WT)>_

2 M(WT)

oy <1—in1(lfzz\;2[;/.T.))»m(WT)>X

Ay ey

< log (1 — Iy (WT). ..AM(WT)) |

X

2 M(WT) (30)

IIpomyckHasi CHOCOOHOCTb B €IUHUILY BPEMEHH OIpene-
JISIETCSI TIpeIeIoM, KOTOPBIN aHajorudeH gopmyJie (15) mis
Kyaccriyeckoro ciydasi. C y4eToM TOTro, 4TO BKJIAJ BTOPOW
cymMBlI B (30) cTpeMHTCS K HYJIFO, TTOJIyYUM

_log (2MYD))  M(WT)

C= lim C c =
T ST 2T 2T

=w. 31)

HcTouHuK reHepupyeT BO BpeMeHHOM okHe (N = WT)-
(DOTOHHBIE COCTOSTHHSI TaK, YTO YHCIO (POTOHOB Ha BBIXOJIE
HACTOYHHMKA B CIUHMIY BpeMEHH ~ W W 3HEprus Ha OIHH
(¢otoH ~ hW. CoOTBETCTBEHHO, YHCJIO (POTOHOB BO BPEMEH-
HOM okue (—T, T) paBuo WT (MMEHHO 4UCIIO, & HE CPEIHEe
4UCI0 (OTOHOB, MOCKOJIBKY COCTOSIHUS |0y, ; .. .5 0,,) B (22)
SIBJISFOTCSI COOCTBEHHBIMH BEKTOPAMH OIIepaTopa 4ucia
(GOTOHOB, OTBEYAIOIUX COOCTBEHHOMY YHCJIY YaCTHIL
N = WT)’. MoIHOCTb Ha BBIXOJIe HCTOYHMKA IIOCTOSIHHA U
nponopimoHanbHa (i) W. MuHEMaIbHOCTh UCTOYHHKA B
KBaHTOBOM CJIy4ae O3HAYaeT, YTO YHCIO OPTOrOHAIBHBIX
OJHOYACTHYHBIX aMIATY[ 0,(f), U3 KOTOPHIX CTPOHTCS
CUMMETpHUYHAS IO MEPECTAHOBKAM YaCTHIL (N: WT)-
(doTonHas ammutyna, paBio W7, u uucio GOTOHOB —
WT, T.e. 4UCJIO 3AIIOJIHEHUS! B INEpecuyeTe Ha OTIEJIbHYIO
OJHOYACTUYHYIO AMIUIMTYAY PaBHO 1.

Nudopmanus B KJIacCHUECKOM clydae KOIUPYETCS B
3HAUCHUs aMIUTUTYH (Tpy0o, B 4MCiIO (OTOHOB) B OPTOrO-
HAJIbHBIX MOJaX, B KBAHTOBOM JKe CJIy4ae — B pa3JInYHbIC
OpTOTrOHaJIbHbIE MHOTO(GOTOHHBIE cocTosiHus [53]. TTocnen-
HUE H3-32 TOXAECTBEHHOCTH (HOTOHOB NPUHLIUIHAIBHO
SIBJISIFOTCSL  3aIyTAHHBIMUA BHYTPU KaXIOTO BPEMEHHOTO
okHa 27. Takoe KOOMpPOBaHWE KBAHTOBOTO HCTOYHHKA
MOXHO PAacCMaTPHUBATL KaK KBAHTOBBIN aHAJIOT TEOPEMBbI
B.A. KoTenbHUKOBa 00 OTCUETAX, KOTJA YUCJIA 3AMIOTHCHHUS
OJHOYACTUYHBIX MOJ AOBEACHBI 10 OAHO(DOTOHHOTO YPOBHSI.

VY IUBUTENBHBIM SIBIISIETCS TO, YTO MPOIMYCKHASI CIIOCO0-
HOCTb B €IWHHIy BPEMEHM HAa OJHY CTENeHb CBOOOIBI B
kiaccmyeckoM ciydae (15), criemyromasi U3 TEOpEMBI
B.A. KorenpHukoBa 06 orcuerax, "6ykBeHHo" coBmamaer ¢
AHAJIOTUYHON TPOMYCKHOH CHOCOOHOCTBIO B KBAaHTOBOM

> Ctporo roBops, Bcroy 1o W1 HyXHO OHAMATb Lyt 4actb [WT'].
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ciyqae (31). OnmHako crtocoObl KOJMPOBAHUS B KJIACCHYECKOM
7 KBAHTOBOM CJIy4YasiX OKa3bIBAIOTCS PA3HBIMU.

B 3aksrouenue cienyeT OTMETHTb, YTO MOSIBJICHUE HOBBIX
HaINpaBJieHH! B 00JAacTH KOH(UICHIMAJILHON Iepeaavn
HHPOPMAIMH SIBJISICTCS] €CTECTBEHHBIM JIOTHYECKHM Pa3BU-
THEM W[, BO3ZHUKIIUX B pabOTax OCHOBATeJieH TaHHOU
obmacru.
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PACS numbers: 01.60. + q, 84.40. —x

B.A. KoTe/IbHUKOB H €ro poJib
B PA3BUTHH 0T€4€CTBEHHOU
KOCMHYECKOIl Pa/JI03JIeKTPOHUKHA

B.E. UepTok

Bxnan Bragummupa Anexcannposuia KotenpHuKOBa B KOC-
MOHABTHUKY, B KOCMAYECKYIO TEXHUKY BOOOIIIE U B KOCMUYE-
CKYIO PAIMOTEXHUKY B YACTHOCTH, HACTOJILKO BEJIMK, 4YTO Ha
3Ty TEMY MOXHO MUCATh OYEHb MOJIPOOHO M MHOT0. 3/1ECh XKe
s KOPOTKO TMEPEUNCITIO OCHOBHBIE pabOTHI CACTIAaHHBIE B 3TOU
o0JlacTd MO ero PYKOBOACTBOM M IIO3K€ CO3aHHON MM
mkos1oi. KpoMe T0ro, ocTaHOBIIFOCH HA HEKOTOPBIX YEJIOBE-
4yecKuX ocoOeHHOCTsIX Brmamummupa AnekcaHapoBHYa Kak
BEJIMKOI'0 YYE€HOT'0, ¢ KOTOPBIMHU MHE NPUXOAUIIOCH CTAJIKH-
BaTbCS B MPOILIECCE OYCHb JJIMHHONW MHOTOJIETHEH paboThl HA
9TOM HOIPHIILE.

Heno B TtoMm, yTto Bragmmup AJjekcaHApOBHY OYEHBb
4acTO yIMpeKal MEHsI B TOM, YTO 3TO Sl BTSHYJI €ro B paboTy
B 00JIACTH KOCMOHABTHUKH. Jles1aJl OH 3TO OYeHb BEXJIUBO U
TOHKO, TaK YTO sl M HE MOHUMAJl, IEHCTBUTEILHO JIU OH
9TUM HEIOBOJICH WJIM TAaKUM 00pa3oM JAejaeT MHE KOMILIH-
MEHT.

© B.E. Ueptox 2006
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A Hayaoch Bce ¢ Toro, uro 13 mas 1946 r. CtajauHbIM
OBLTO MOANUCAHO HCTOPUIECKOE TIOCTAHOBJIEHHE O CO3/TaHUU
B CoBetckoM Coro3e pakeTHOW OTPACIIH IPOMBIIIJICHHOCTH,
TEXHUKU U HAYKH.

B cooTBeTCTBUU C 3THM MOCTAHOBJICHHEM, HECMOTPSI Ha
TsDKeJIeiee COCTOsIHME, B KOTOPOM TOTAa, MOCJE BOMHBI,
HaxoQWIach CTpaHa, CO3AaBajiUCh 0a30Bble HHCTUTYTHI,
KOTOpBbIC pociu OyKBabHO, Kak Tpubbl. B yacTHOCTH, OBLIT
CO3/IaH TOJIOBHOW MHCTHUTYT IO pakeTHOW TexHuke HayuHo-
HCCIIEIOBATEILCKUM HHCTUTYT MUHUCTEPCTBA BOOPYIKECHUS
B [Tonmmnkax, Bomeniuii B ucropuro nog umenem HMM-88,
HbIHE BCEM HU3BeCTHBIe LIeHTpasbHBI HayYHO-HCCIEI0-
BATEJIbCKUN MHCTUTYT MatuHoctpoenus (LITHUMMAII)
u Pakerno-kocmuueckast koprnopauus (PKK) "Oueprus"
nm. C.II. KoponeBa. S Obl1 3amMecTUTEsIEM TJIABHOTO HH-
xeHepa HMM-88 no cucremam ynpapiieHus..

B omuH npekpacHblil neHb, B Havajie anpenst 1947 r., B
WHCTUTYT [Ji1 O3HAKOMIICHHSI C ero paboToil mpuexan
npe3uneHT Axkagemun Hayk CCCP Cepreit iBanoBuu Bapu-
JioB. Cepreit VIBaHOBUY ObLI TEM y4YEHBIM, KOTODPBIA MOHH-
MaJl, 4TO MPOPHIB B TAKYIO HOBYIO 00JIACTH TPeOYyeT 00be IH-
HEHUs YCUJIMIA MPOMBIIIJIEHHOCTH € aKaJeMHUYeCKO HayKoi
U TOTEHIUAJIbHBIMU BO3MOXHOCTSIMM Hay4yHBIX KaJpoB
BBICIINX YYEOHBIX 3aBEICHHIA.

B HUUM-88 C.M. BaBuioB mpuexans He €O CBHUTOH
aKaJIEeMUYECKMX YUYEHBIX, a C JUPEKTOPOM MOCKOBCKOTO
sHepreTuueckoro uHcturyra (MOU) Banepueir Anekcees-
Hou ["osryO110BOIA.

Berpeua BaBuiioBa u TTostyO1I0BO# € pyKOBOIACTBOM
HUWM-88, yyacTHUKOM KOTOPOIi 51 ObLI, SIBUJIACh HAYAJTIOM
MHTEHCHBHOTO TWPOIEcCa BOBJICYCHUS] aKaJeMHUYECKUX U
BY30BCKHX YUYCHBIX B HOBYIO 0O0JIACTh YeJIOBEUESCKOW mes-
TEJILHOCTU — PAKETHO-KOCMUYECKYIO.

OHUM U3 CyJIBbOOHOCHBIX PE3YJIbTATOB 3TOW BCTPEUH
ObL10 mpuBJieueHue Biamumupa Anekcanaposuua Kortesb-
HUKOBA K TBOPUYECKOH JAESITETLHOCTH B PAKETHOM TEXHUKE.

O3HAKOMUBIIUCH € MPOOJIEeMaMu, KOTOPbIE TOraa Tpebo-
BAJIM AKTHBHOTO YYaCTHSl YYEHBIX Pa3HBbIX HAMpPaBJICHUH,
BaBuioB BbICKa3al MBIC/Ib O HEOOXOIUMOCTH CO3JaHUS B
cucteMe AKaJeMHH HayK choenuanabHoro WHCTHTyTa —
Oynymero MucTuTyTa KOcMuueckux uccieqoBanuii (MKN)
7 o0eman NpUHATh PENIeHNe O HEMOCPEACTBEHHOM yUaCTHU
aKaJeMHUYeCKUX HHCTUTYTOB B pabote HUI-88.

B.A. T'onyO1ioBa, B CBOIO OYepe/ib, IPEIJIOKMIIIA, YTOOBI
s — 3aMeCTUTelb TyaBHOTO MHXeHepa HUM-88, ObiBIINi
CTyIeHT u acnupaHT MOU, mnpuexan B CBOH pOJHOU
MHCTUTYT M PaccKazajl YYSHbIM MHCTUTYTA O HAIIMX IPOO-
JIeMax.

BykBajbHO Ha ClIEAYIONMIA JeHb (TOrJa TSHYTH OBLIO
HeJIb3sl — He Takoe ObUIo Bpems) s npuexai B MOU. Tam
ObL1a cobpaHa Tpynna Y4eHbIX, BO3MOXKHO, YUEHBII COBET,
KOTOpBIN Besia cama Banepus AjekceeBHa. S pacckasaj o0
OCHOBHBIX MpoOJieMax, KOTOPBIE CTOSUIH Mepell HAMH, XOTs
MBI CAMH MaJio ellie MOHUMAJIH, B YeM 3TH MPOOJIEMBI, JIEJI0
OBLIO eIlle TOJIBKO Ha CTAaJINK CTaHOBJICHUs. Ha cienyrommit
ke neHb ['oryOnoBa eie pa3 BbI3BaJia MEHS M NMOCAANJIA B
KOMIIAHHIO, B KOTOPOH Haxoaujcs B KayeCTBE DPYKOBO-
JATENs, KaK s TOHsUI, 3aBeayroimii kadenpoit "OCHOBBI
paguotexuuku" B.A. Korenpuukos. U Torma s pacckasad,
YTO JIJISI HAC CETOJTHS CaMOE BaXXHOE — 3TO UMETh BO3MOX-
HOCTb C IOMOIIIbIO PAIUOTEXHUIECKUX CPEICTB HEMPEPHIBHO
B peaJbHOM BpPEMEHH MOJy4YaTb HapamMeTpsl pakeTsl. C
TIOMOIIIbIO OOBIYHOTO JIOKATOpPA TMPOTHBOBO3AYIIHOUW 000-
pPOHBI Y HAC HIYETO HE MOJIy4asioch. TO JIM U3-3a TOTO, 4TO Yy

Biraguvmup Anekcanaposuu Korensaukos u bopuc EsceeBny UepTok Ha
ceccnn PoccHiickoro Hay4YHO-TEXHHYECKOTO OOIIeCTBa pPaJHOTEXHHKH,
97ekTpoHuKkd U cBsizu uM. A.C. ITomosa. (MockBa, JIOM yYeHBIX, Mait
2003 r.)

9TUX JIOKAaTOPOB HE JOCTATOYHAs] TOYHOCTh U3MEPEHUil, TO
JI1 OHM B NPUHIMIE HE TOAATCS IS TeX NapaMeTpoB
JIBUKEHUSI, KOTOPBIE NMEITH 3aIyCKaeMbIe PAKETHI.

Bcero uepes 10 nmHeit ocie Hariei BcTpeun B kKaOuHeTe
Tomy6mosoit, 27 ampesnst 1947 r., BBIIIO MOCTAaHOBJICHHE
IpaBUTENILCTBA, NoAnucanHoe CTajJUHBIM, O CO3/JaHUU B
MBU coeepiieHHO cekpeTtHOoro CekTopa cCheruaibHbIX
pabot mns Bemosinenus HUP B mHTepecax peakTHBHOTO
BOOpYXeHHs. Jlaxe Al HAC, IPUBBIKIIAX K OTEPATUBHBIM
PpeIlIeHHsIM MPaBUTEILCTBA, CTOJb OBbICTpas U 3hPeKTUBHAS
peaxiysi ObLTa BrieYaTIISFOIICH.

PyxoBomutenem CekTopa crnenuajbHbIX pPadOT ObLI
Ha3HavyeH Biagnmup Anexcanaposud KoTeabHUKOB.

KoTenbHIKOB OBLT TOrAA IEKAHOM PAAHOTEXHMYECKOTO
Gaxynbrera u 3aBeayrommM Kadeapoit "OcHOBBI paano-
TexHuku". OH TOJBKO B sHBape 1947 I. 3alUTUI JOKTOP-
ckyro puccepranuto. OgHako Bo BpeMst BoiHbI B 1943 1. on
noJryurst CTaJIMHCKYIO npemMuto 1-ii crenenu, a B 1946 1. —
BTOpyro CTaJIMHCKYIO MpPEMUIO 1-ii CTemeHu 3a Co3/IaHue
cUCTeM crienatbHOi cBsi3u. [1o Tem Bpemenam Biammmup
AJIeKCaHIPOBUY OTHOCHJICS K TIOKOJICHHATO MOJIOJBIX YUSHBIX
B 00J1aCTH paTMOTEXHUKU. B HayyHOM MHUpE OH TOJIYYUJ
IpU3HAHKE U YBaXKEHHE HE TOJIbKO 34 CEKPETHbIE U300peTe-
Hus. OH paspabotan (yHIaMEHTAJBHBIE TEOPETHYECKHE
OCHOBBI Tiepeayn MHpopManuu, U mokasaja MpakTHUYECKHe
MeTONbl WX wucnoJsib3oBanus. Eme B 1933 r. um Obuia
ONyO0JINKOBaHA TaK Ha3blBaeMasi TeOpeMa BBIOOPOK, KOTO-
past sIBUJIACh KJIFOYEBBIM 3JIEMEHTOM HU(PPOBLIX KOMMYHH-
KanMoHHBbIX TexHojoruil. CyTb Teopembl KotenpHukoBa B
TOM, 4TO OHA MPeACKa3bIBAET, YTO HUCXOAHBIN CHTHAJ Tepe-
JaTynka WHQOpMAIUU MOXKeT OBITh BOCCTAHOBJIEH 03
OIMMOOK MO 3HAUYECHUSIM JTUCKPETHBIX BRIOOPOK. OH BIIEpBBIE
MmoKasaj, 4TO aHAJIOTOBYIO MHPOPMAIMIO MOXHO Mepea-
BaTh UMIIYJILCAMU, TOBOPS IO-COBPEMEHHOMY, B IU(POBOM
KOJIe M BOCCTAaHOBHUTHL IOCJIE nepenauu. Bo BceM paamo-
TEXHIMYECKOM U CBSI3HOM Mupe KOTeTbHUKOB CTa HIMPOKO
H3BECTEH TOCJIe CO3JaHUSI TEOPUN NOTSHIIMATHHON TOMEXO-
YCTOWYMBOCTH. DTO W OBLJIO TEMOU ero JOKTOPCKOH auccep-
Tanuu, 3almieHHon B 1947 roay.

C moctaHoBieHus: o co3nanuu CeKkTopa CHenuaIbHBIX
pabotr MDU cobeTBenHo 1 Hayasioch "Brarusanue" Banu-
MHUpa AJIEKCAHIPOBMYA B KOCMHYECKYIO PAJMOTEXHUKY.
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B.A. KorenpuukoB u B.E. Ueprok ¢ rpynmnoii corpyanukoB u rocreii OKb MDU. B nepBom psiay cuasat (cieBa Hampao): M.E. Houkos,
M.H. Meuxos, A.J1. 3unoBseB, A.®. Boromosos, K.A. TTo6enonocues, B.A. Korensuukos, b.E. Ueprok. (MockBa, OKB MDU, 1997 r.)

MNmenHo 3TO U SBUJIOCH MPUYMHOM, IO KOTOPOU MBI C HUM
BCTPEYAJINCH; IOTOM YK€ MHOTHE AECSTKU pa3, ¥ OH LIYTHJ,
YTO sl BTSHYJI €0 B 9Ty UCTOPUIO. A JesITebHOCTh €ro Ha
MPOTSIKEHNH TOCJIEAYIONX JIET B 9TOM 0OJIacTH JEeHCTBH-
TEJLHO HCKJIIOYUTESbHA U MO 00BEeMY, U MO TOMY, YTO OH
BHOCHUJI B Hee KaK 4eJI0BEK M yueHbld. IHOr1a OJHUM TOJIBKO
CBOMM HIPUCYTCTBUEM M yYaCTHEM B 3TOH paboTe, qaxe He
n300peTasi ¥ He OTKPBIBAsI HIYETO HOBOTO, OH CIIOBHO BHOCHUI
OCBEXAIOIIYI0 CTPYIO B CHTYalUsiX, KOTJa MPUXOIIIOCH
CTaBHUTH MPOOJIEMY C TOJIOBBI HA HOTH.

Momnonoii xomnektuB Cektopa MOMU, crmoTuBimiics
Bokpyr KorenbpHukoBa, paboTas ¢ HEOOBIYaMHBIM SHTY3HA3-
MoMm. U orpomHuoii mctopumueckoit 3aciayrou Bmammmumpa
AJlexkcannpoBuya sBJsieTCsl TO, 4To CeKTop mpeBpaTuics B
mikoJaty. Ilo cymecTBy, nMeHHO UM, KoTelbHUKOBBIM, ObLIa
3aJI0)KeHa OCHOBA M CO3[IaHO TeHeph yKe IIIPOKO N3BECTHOE
Ocoboe koHcTpykTOpckoe Oropo (OKB) MDU — oueHn
MOIIIHAS, BBICOKOKBAJIU(PUIIMPOBAHHAS OpraHu3anus, pado-
TAroMIAs ¥ CO3/IAF0IIAs PAAMOTEXHUUECKHE CHCTEMBI IIeJICHA -
MPABJICHHO JJIS1 paKeT M KOCMUYECKHX allapaToB.

KoTeTbHUKOB BOIIIEIT B 3aKPBITOE OOIIECTBO PAKETYAKOB,
BosraasigeMoe C.I1. KoposieBbiM, kak yueHbli u umxenep. C
HAMHM, DAaKeTYHUKAMH, OH JACJWI TPYJHOCTU NEPBBIX JIET
MIOJIUTOHHOM JKU3HU, & YCIIOBHS TOT1a ObLIM TaKue, YTO MBI
OykBaiabHO '"cnajau mnonx oaHoM mmHensro". Biamumup
AJIeKCaHIPOBUY OYEHb OBICTPO 3aBOEBaJ OOJBIIOW aBTO-
PUTET Y OBIBAJIBIX OOEBBIX [CHEPAJIOB M IJIABHBIX KOHCTPYK-
TopoB. Ero 4yBCTBO 1OMOpa M HEUCCAKAEMBIH ONTHUMHU3M
3a4aCTyl0 CrJIQXHMBaIX OOOCTPEHHWE OTHOLICHUH MEXIY
TJAaBHBIMH KOHCTPYKTOPAMH B CHUTYalHMsIX, KOTJa DPAKEThI
neresn "3a Gyrop". Yuactue KoTelbHUKOBA U €0 COTPY/I-

HHUKOB OBbLIO CTOJIb 3HAYUTEJIbHBIM, YTO U paboTa, U JIeTHbIE
UCTILITAHUS y’Ke HE MBICIUIINCDH JaJiblie 6e3 CUCTeM, pa3pa-
O6oTaHHBIX cHavasa CeKTOpOM crenuaibHbIX pador MOU, a
3aTeM yxe 0e3 ammapaTypel, kotopas cozmaBajack OKB
MBDU u panee muta B OOJIBINIOE CEPUHOE MPOU3BOJCTBO.
Bce mepBble mOJIETHI, BOIIEAIIME B HCTOPHUIO PAKETHOM
KOCMHYECKOW TEXHUKU M OOYCJIOBUBILIUE MPUOPHUTET HAIIICH
CTpaHbl, MPOXOIUIM C HENPEMEHHBIM HCIOJIb30BAHUEM
PaTMOTEXHUUECKAX YCTPOWCTB, CO3/IaHHBIX mIKojoi KoTte-
mpHUKOBA. MiMeeTcst B Buy u OopTOBas, M HAa3eMHas PaIuo-
TeXHHYECKasl almnapaTrypa, KOTopas KOHTPOJIUPYET MOJIeT
PAKeThl, €€ TPACKTOPUIO U B PEXHUME PEAJBHOIO BPEMEHU
JlaeT MpeJcTaBiieHrne 00 OpOUTAX KOCMHUYECKOTO almapaTa.
W 4ro OYeHb BaXHO, — TelleMeTpHUecKas ammaparypa,
KOTOPAasl HEMPEPHIBHO MOCHIIAET HA 3€MJIFO BCE MApPaMEeTPBhL,
MHTEPECYIOLIUE U Pa3pabOTUNKOB, U TEX, KTO 3KCILTyaTUPYET
KOCMUYECKHE aNnapaThl.

B.A. KoTrejabHUKOB J0OOMJICS HE3aBHCUMOCTH OT IpPO-
MBIIUIEHHBIX MUHUCTEPCTB MPH U3TOTOBJICHUH pa3padaThI-
BaeMbIX CHUCTEM, co3aaB npu MDOU cBou omnbITHBIE MacTep-
CKHE — BIIOCJICCTBUY 3aBO/I C 3aKOHUYEHHBIM ITUKJIOM. CBOO
anmnapatypy ¥ CHCTEMBbl MM IPUXOJUJIOCH CO3/aBaTh B
OCTPO¥ KOHKYPEHTHOUW OOpbOE€ ¢ MOIIHBIMH MPOMBIIIICH-
HBIMH OpPraHU3AIMsIMU 33 NMPABO OCHALIECHUS MEPBBIX MEX-
KOHTHHEHTAJIbHBIX PAKeT M KOCMHYECKMX ammapaTtoB. Ceii-
4ac MHOTO TOBOPST, YTO B HAIllEd CTAPOM CUCTEME, HAIEH
cTapoil 3KOHOMUKE He ObLII0 KOHKYpeHuuu. Huvero momo6-
HOrO — KOHKYpEeHIHsI ObLia, MOXeT OBbITh, naxe Oosee
JKECTKasi, YeM NPU 3KOHOMHUKE TaK HA3BIBAEMOTO CBOOOJ-
HOTO pbIHKA. [I0OTOMY 4TO MPOMBIIIJIEHHBIE MUHUCTEPCTBA
CYHTAJIM, YTO 3TO WX HCKIFOYUTEIbHOE MpaBO paspada-
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TBIBaTh MOJOOHOIO POJA CHCTEMBI. B 4acTHOCTH, Ha 3TOM
HACTAMBAJIA MHHHCTEPCTBO IIPOMBIIUICHHOCTH CPEACTB
CBSI3M, MHHHCTEPCTBA PAJMOTCXHUKU U 3JICKTPOHHUKA. A
TYT, MOHUMaeTe, Kakoi-To crercektop, OKB npu Bbiciiem
yuebHOM 3aBeneHuu. KoTelbHUKOBA BCE 3HAM U YBAXKAJIH,
HO OH TIOJIYMHSJICS MUHICTPY BBICIIEr0 0O0pa3oBaHus. A 3TO
BBI3BIBAJIO OOJIBIIYIO PEBHOCTD. M OBLIIO MHOTO KOMHCCHIA, B
KOTOPBIX sl IPUHUMAJ YYaCTHE, KOTa HA0 OBLIO PEIIaTh,
YbI0 Pa3pabOTKy MPUHUMATH B OKCILUIyATAIMIO W HA BOOPY-
xenue. Y, xak mpaBuiio, BCe 3TH KOHKYPCHBIE COPEBHOBAHMUS,
HECMOTpsI Ha BEJIOMCTBEHHBIC JAaBJICHUS, BBIUTPbIBAJIA
mkoJia KotesnbHuKOBA.

IlepBriMu pa3zpaboTkamu, koTopbie B.A. KotenbHukoB
CO CBOMM KOJUJIGKTMBOM CO3JaJIH JJISl PAKETHONH TEXHHKH,
6bun cuctemsl "Uunukatop-/" u "Unaukatop-T". Dtumu
CHCTEMaMHU OCHAIIAJNCh TepBble pakeThl P-2 T'maBHOTO
KOHCTpykTOpa KoposeBa mpu JICTHBIX HCHBITAHHUSX HAYHU-
Has ¢ 1950 .

Cucrema "Wunpukatop-/I" BuepBbIE 1MO3BOJIMIA TOYHO
BOCIIPOM3BECTH TPACKTOPHUIO IMOJIETA PAKETHI IO HAOJOMe-
HUSIM C HA3€MHBIX PaJINOIMYHKTOB.

"Uupukatop-T" Obul mepBoil paauoTeIeMETPHIECKOM
cucremoit, cozgannoit B MOU. C 1953 r. Havam cepuitHbIn
BBIMyCK OOPTOBOH ammapaTypbl CHUCTEM DPaIHOKOHTPOJIS
TpaekTopuii mojieta pakeT. B 1955 r. Obia co3mana ¢aszo-
MeTpHUYECcKast CUCTEMa KOHTPOJIst opouT "UpThim".

JanpHeiimme MonuUKaI CUCTEM BHEITHETPACKTOP-
HBIX u3Mepennii "Pyoun" u "Anmas" u3roroBiasimuch 601b-
LIMMH CEPUSIMU ¥ SIBJISUIACH O0S3aTEIbHON IPUHAIICKHO-
CTBIO IPU JICTHBIX HCIBITAHUSX BCEX THUIIOB PAKET U OOJIb-
IITHCTBA KOCMUYECKHX allapaToB.

B mawane 1950-x romoB kosutekTHB KoTelbHHKOBA
co37ajl 3HAMCHUTYIO pPaJUOTEIEMETPUYCCKYIO CHUCTEMY
"Tpan". Dta pazpaboTrka He MeHee 4yeM Ha 10 JieT onepeauia
YPOBEHb COOTBETCTBYIOLIMX MHPOBBIX M OTEYECTBEHHBIX
pa3paboTok. B ycioBHSX Upe3BBIYAWHO OTpaHMYEHHOW WU
OTCTAIOIIEHl OT aMEPHWKAHCKON 3JIeMEHTHON 0a3bl ObLia
co3nana 3(pexTuBHAS cUCTEMA, UCIOJIB3YIOIIAs BPEMSIUM-
MYJIbCHBIN KOJ MPH OPUTMHAJIBHBIX CXEMO-TEXHHYECKUX pe-
LIEHUAX, 00ECIIEYMBABILUX BLICOKYIO HaAeKHOCTE. "Tpasb!"
OOpPTOBBIC M3TOTOBJLSUIUCH KPYMHBIME cepusMu. Cucrema
"Tpan" GbUla OCHOBHBIM HHCTPYMEHTOM IIPH OTPabOTKe
MepBOi MEXKOHTHHEHTAIBHON pakeThl P-7, MAIOTHPYEeMBIX
KOCMHYECKUX KOpaOJIeil U JIETHO-KOHCTPYKTOPCKUX HCIIbITA-
HHSIX OCHOBHBIX PaKeT HaIlero PaKeTHO-sAepHOTO uTa. Ha
tepputopuu Coetrckoro Coro3a ObLIN MOCTPOCHBI ACCATKU
HA3EeMHBIX M3MEPUTEIIbHBIX IIYHKTOB, CBS3aHHBIX B €IUHBIN
KOMAaH/THO-U3MEPUTETHHBIN KoMILIeKe. OOs3aTeIbHON TpH-
HAJJIGKHOCTBIO 9TUX MYHKTOB SIBJISUTUCH TEJIEMETPUUCCKUE
cranmuu "Tpan" u cranmum xoutposis opbur "Kama",
paspaborannble CeKTOpOM crenuaibHbix pador MOU u
CEPHUIHO OCBOEHHBIE PaTHOMPOMBIIIIEHHOCTHIO.

B 1957 r. Tememerpuueckasi cucTema, pa3zpaboTaHHAS
MDY, BriepBbIe BBIXOIUT B KOCMOC Ha BTOPOM HCKYCCTBEH-
HOM CHOyTHHKE 3eMJIM, a JUIS TPEThero HCKYCCTBEHHOTO
CIlyTHUKA KOJUJIGKTUB CO3[1aeT KOMILICKC TPACKTOPHBIX U
TeJIeMETPUIECKIX U3MEPEHUH.

B 1953 r. akamemuueckoe cooOIiecTBo u3dbupaet Biaau-
mupa Anekcanapouiya KoTenpHHKOBA AEHCTBUTEIHLHBIM
4IEeHOM — akaaeMukoM Axamemun Hayk CoOBETCKOTO
Coro3a, MUHYS TPAJAMIMOHHYIO CTYICHb YWIEHA-KOPPECIOH-
nenta. OH Ha3HAYAeTCS 3aMECTHUTENIEM IUPEKTOpa BHOBb
CO3/IaHHOTO aKaJAeMu4eckoro VHCTUTYTa PaIMOTEXHUKA U
anektpornkn (MUP3J). B 1954 r. akamemuk KoTenbHHKOB

cMeHHMJT akaaemuka Akcenst MBanosmua Bepra Ha mocTy
pyKoBoOAUTENSE 3TOro MHCTUTYTA. B 1955 1. OH BBIHYXOEH
OBLIT OCTABUTD JOJKHOCTH IJIABHOTO KOHCTPYKTOpa B MOU.
NuxeHepHyro HayyHO-TeXHHYECKyro 1Koy MOMW Bosria-
B Oynymmii akaaemuk Ajexceir @enoposuu boromosos.
BesvkoJienHplid  TBOpUYECKHMA KOJUIEKTHB, co3maHHbId Ko-
TEJIbHUKOBBIM, TPOJIOJIKII CBOIO paboTy B OcoOoM KOH-
CTpYKTOpPCKOM O0r0po MDU, 06pa3oBaHHOM O IOCTAHOBJIE-
HHIO TIpaBuTenbcTBa Ha ocHOoBe Cektopa. B 1961 r. OKbB
MDU narpaxmaercs opaeaom TpymoBoro Kpacroro 3Ha-
MEHH 34 yYacCTHe B CO3/IaHUU U 3aITyCKe NIEPBOT0 MUIOTUPYE-
MOro KocMmuieckoro kopabist "Bocrok" ¢ kocMoHaBTOM
FO.A. TarapunbiM. ['naBubiii koHCTpykTOp OKB MOB3U
Aunekceit demopoBud BOromMmoJioB craj MOJHONPABHBIM
ywieHoM CoBeTa TIJIaBHBIX KOHCTpykTOpoB Koponesa, a
riocnencteun Aunrenst u YUenomes. Komekrus OKb MOU
MPOCTABUJICS TaKXe CO3JaHMEM BBICOKOI((EKTUBHBIX
HA3eMHBIX AHTEHH U PETPAHCISIIIMOHHBIX IYHKTOB IS
CHUCTEM KOCMMYECKOW CBSI3U U TeJieBUAeHUs. Becero Ha Tep-
putopun CCCP u 3a pybexoM ObLT0 coopyxkeHo 160 an-
TEHHBIX CHCTEM, KOTOPBIE MO3BOJWIA MHJUIMOHAM JIFOAel
MOJIb30BATHCSI KOCMHYECKON CBSI3bIO U TeJICBUICHUEM. B
1950—-1954-x romax KoTenbHUKOB BMeCTE C JOIIEHTOM
M3U A.M. HuxosaeBbIM Hamucasau OJIECTSIIUN JABYXTOM-
HbIl Tpya OcHoebl paduomexnuxu. Eme mno wm30OpaHus B
Axanemuio Hayk KoOTeJILHUKOB, BO3IJIABIIsIs BCeraa Iepe-
T'PYXEHHBIH paKkeTHO-KOCMUUecKuMH Tpodiemamu CeKTop
crenuaibHbIX paboT, ocTaBajCs JIEKaHOM pPaguOTEXHHYE-
ckoro ¢akyiabreTa MOU 1 He mpekpaiiia CBoel negaroruye-
CKOW [IeATEJIbHOCTU B KauyecTBe 3aBeAyrollero kadeapoi
"OCHOBEI paAMOTEXHUKH".

B MHcTHTYTE palMOTEXHUKH U 3JICKTPOHUKA AKaJIEMUN
Hayk, korTopwlii KortenbHukoB Bo3rjasisii no 1987 1.,
coOpaJjicss mBeT paauodIeKTpoHHOH Hayku COBETCKOro
Coro3za. 3mech TNOJNY4YMJIM pa3BUTHE (YHIAMEHTAJIbHbIC
UCCIIEIOBAHUSI TIO0 BaXXHEWIIMM HAYYHBIM HAINPABIICHHUSIM
PaIUOTEXHUKH U JJIEKTPOHUKH.

Korenbuukos opranuzosain B PO HoBoe xocMuueckoe
HalnpaBJieHUe — IUIAHETHYIO PAaIMOJIOKAIMIO M HCCIIEeI0Ba-
Hue paguounsiaydyenus mianeT. [lox pykoBoactsom Kortensb-
HUKOBAa TpoBeleHa paauosiokanus Benepwr, Mepkypus,
Mapca, FOmmrepa. 3a 3t pabGoTel B 1964 1. OH OBLI
yIocToeH JIEHMHCKO# TpeMHuHn.

[To MHUIIHATHBE U TIOJT HAYYHBIM pyKoBoIcTBOM KoTelb-
HUKOBA OBLJI CO3/IaH CIIOKHEHIINN paaOTEXHIUYECKU KOM-
IJIEKC, BKJIIOYAIOIIMN MOILIHBIE MepeNaTyhKH, OoJbIIme
OCTpOHANpABJICHHbIE AHTEHHBI, TNPHUEMHBIE YCTPOICTBA
BBICOKON YYBCTBUTEIHLHOCTH U CIIOKHEHUIIIYIO CHCTEMY aBTO-
MaTHYeCKON 00pabOTKY MIAHETHBIX U3MEPEHHIA.

B roapr pyxoBoactBa MPD KoTenbHUKOB 3aJ10XUI
(hyHIaMeHTaJIbHbIe OCHOBBI PAIMOTEXHUYECKON IIIAHETOJI0-
THH.

KoTeIbHUKOBY TPUHAIIEKHUT HIES HUCIOIb30BAHUS
HAYYHOTO, TEXHUYECKOTO W MPOU3BOJICTBEHHOTO TOTEH-
Maja OTEYeCTBEHHOW PAJIMOTEXHUKH M KOCMOHABTUKH JIJIS
kaprorpaduposanus Benepsl. dyHIaMeHTaJbHbBIE UOCH U
METOJbl 3TOIO YHUKAJBHOTO OJKCIEPUMEHTa pa3padaThl-
Basuch B UPD, UncturyTte npukiiagnoi matematuku AH
CCCP, OKb MBU nox HayynsiM pykoBojactBoMm Korenb-
HUKOBA.

B OKBb MBDMU Opina pa3paboTaHa paawosioKanoHHAas
anmapaTtypa IS MEXIUIAHETHBIX craHimi "Benepa-15" u
"Benepa-16", koropsle nocrpormsi Hay4dHo-uccienoBaTeib-
ckuii ientp um. I'.H. Babakuna.
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Ha 3emie mis mpuema u perucrpanuu uHpopmManun
Obu 000pyaoBaHbl aBe kpynHeiiue B CoBeTckom Corose
aHteHHbl. OJHAa W3 HHUX C aMamMeTpoM 3epkaiga 70 M B
HaCToOsIIIee BpeMs oKa3ajlach 3a pyOexoM, a Apyras Iua-
MeTpoM 64 M — B MeaBexXbHX 03epax 1moJ MOoCKBOH: 10 CUX
MO SIBJISIETCSI COOCTBEHHOCTRIO U TopaocThio OKB MOU. B
1983—-1984 rr. ¢ moMoIbl0 PaaUOJIOKAIMOHHONW ammapa-
TYpbl, YCTAaHOBJIEHHOH Ha MEXKIUIAHETHBIX CTaHIUSIX
"Benepa-15" u "Benepa-16" BrepBbie B HCTOpHUH YeJIOBEYE-
cTBa OBLIO OCYIIECTBIICHO KapTOrpapupOBaHUE 3aKPBLITON
HENpo3pavyHoil aTMocdepoii moBepXHOCTH IUTaHETHI Benepa.
OMBIT, MOJIYYEHHBIA B 3TOM 3KCIIEPUMEHTE, ITIO3BOJINI pa3pa-
G6orath s monyis "Ilpupoma" opOuTadbHON CTaHIUK
"Mup" pamuosiokaTop G0KOBOro 0630pa M CBEPXIIUPOKO-
JIMATIAa30HHBINA PaIMOMETPHYECKUI KOMILIEKC.

B kpaTKoM COOOINEHUN HET BO3MOXHOCTH MEPEUNUCITUTD
BCIO MACCYy PaJMOKOCMHYECKUX NMPOOJIEM, B pellIeHHEe KOTO-
poix BHec TBopueckuii Bkiag KorenpaukoBs. [loa pegakmmeit
KotenbHukoBa B 1989 r. ObLI cO3/aH aTjiac MOBEPXHOCTHU
Benepsl. COTHU YYEHBIX M WHXEHEPOB M3 HECKOJIBKHX
JIECSITKOB OPTaHU3AIMH MPUHUMATH y4acTHE B 3TOM MEX-
IJIAHETHOM JKcriepuMeHTe. AkageMuk KoTeabHHKOB mpak-
TUYECKH J0Ka3aj, HACKOJIbKO 3(Q(PEKTUBHBIM MOXET OBITh
00beAMHEHNE HAYYHBIX MOTEHIMAJIOB BBICIICH INKOJIBI U
Axanemun Hayk. HdestenbHocts OKB MDOU u UPD AH
CCCP, nosryymBIIIasi MUPOBOE TPU3HAHUE, SBIISIETCS TOMY
omectsimum  npumepom. C 1969 1. mo 1988 r.
B.A. KoTeIbHUKOB SIBJISUICS BUIIC-TIPE3UACHTOM AKaJgeMUn
Hayk CCCP, npuuem ¢ 1975 1. — nepBbIM BHUIIE-TIPE3UICH-
TOM. Ha 3TOM OTBETCTBEHHOM IIOCTYy OH BHEC OTPOMHBIN
BKJIal B (OPMHPOBAHHE TOCYAAPCTBEHHOW IOJHMTHKH B
Pa3BUTUH BOXHEUIIINX HAYYHBIX HATPABJICHUN.

U xots Baagumup AnekcaHApoBUY OOJIbIIIE HE BXOJIUI,
Kak paHblie, B OBITHOCTb CBOIO TJIABHBIM KOHCTPYKTOPOM
CekTopa crenuaibHbix pador MOU, B CoBeT TIJIaBHBIX
KOHCTPYKTOPOB, OH YacTO MOMOTaJ, KOT/Ia BO3HHUKAJA
cepbe3Hble MpobIIeMbl. B mporiecce sKCITyaTanmum KocMuye-
CKUX aNmapaToB MPHUXOTUTCS PEllaTh OYCHb MHOTO YHCTO
pPaIuOJIOKAIMOHHBIX 3a/1a4. AnnapaTypa TamM OYEHb CJIOXK-
Hasl, 1 TO3TOMY TPYAHO 0OECTIEUUTH BHICOKYIO HAAEKHOCTb.
ITopoit BO3HMKAIOT BHELITATHHIC CHTYAIlMH, aBAPUH M TaK
nmasee. OcoOEHHO 3TO cepbe3HO, KOTIa TaKOe IMPOUCXOINT C
MUJIOTHPYEMBIMU CHCTEMAaMMU, CKaXeM, C CHCTEMON COJIKe-
HUSI U CTBIKOBKM TPAHCHOPTHOI'O KopalJisi ¢ opOUTaIbHOR
cranuueit. B rakux ciyvasx BoeHHO-pOMBIIILIIEHHASI KOMHUC-
cust ipu CoBeTe MHUHHCTPOB TYT XK€ CO3JA€T aBAPUUHYIO
komuccuto. O6pamaroTcs K Tpe3suacHTy AKajJeMHH Hayk
M.B. Kenmpiy: "Heobxoauma noMols AKajeMUd Hayk,
Koro Bel BitounTe B 9Ty Komuccnio?" U, KOHEUHO, BKIIIO-
4aroT B 3Ty Komuccuto B.A. KorenbHukoBa. MHe B Takoro
poaa KOMHUCCHSIX OYeHb MHOI'O NMPHUXOAMIIOCH C HUM BCTpe-
qaThCs M paboTaTh. UTO ero XapakTepru30BaJio M YeM OH HaM
MIOMOTAJI: OH CTAPAJICS MPUTYIIUTH Pa3rOopaBIINECs CTPACTH
Ha TeMy "KTO BHHOBAT" W, NpeXIe BCEro, BHUKHYTL B
npobJieMy GU3NUECKON CYIITHOCTU CUCTEMBI U TOHSTh, B YeEM
¢usmka ortkaza. [Ipemiaran B 3ToM pasobpatbes. U, kak
MpaBuUJIIO, 3TO yAABAJIOCh cenaTh. Hamo cka3zats, Bmagumup
AJIeKCaHIPOBUY  00JIa1a)T HMCKIIOYMTENLHOW WHTYHIIUEH.
Wuorpa st mopaxkalicsi, KakuM 0oOpa3oM OH, He UMesl Bcei
UCTOpPHU DPa3pabOTKH, OBICTPO HAXOIWJI, €CIM HE camy
OpUYMHY B JeTajisiX, TO, IO KpaillHell Mepe, IMyTeBOIHYIO
HUTb, KOTOpPOH HAI0 OBLJIO BOCHOJIB30BATHCS, YTOOBI
MOHSITh MPUYUHBI HENPHUSITHOCTH, KOTOpasi y HAC MPOUCXO-

nuia. VI BMecTe ¢ HUM MBI OYEHb OBICTPO HAXOIWIN
npeaIoxenus no "nedenuro" Tex HENPUSTHOCTEN, KOTOPLIE
y HAC HOSIBJISLTHCE.

3HAYUTEJILHYIO JIOJIFO CBOEH HE TOJBKO HAyYHOW, HO U
OPraHU3aLMOHHON AESITeJbHOCTH OH OTAaBaJl KOCMOHAaB-
TuKe. MHOTHEe ToJbl OH BO3rJaBisil HayuHblii CoBeTr AH
CCCP no mpobsemam "Pammoacrporomus", Coser AH
CCCP mno MexIyHapOJHOMY COTPYIHHYECTBY B 00JacTH
UCCIIETIOBAHUST ¥ UCIOJIB30BaHUSI KOCMUYECKOTO MPOCTPAH-
crBa. Ha pykosomurens Cosera "HWutepkocmoc" Obuin
BO3JIOKEHBI HE TOJIBKO HAYYHO-TEXHUYECKUE, HO M OOIIeCT-
BEHHO-TIOJIUTHYECKUE 3a0a4d MEXIYHAPOIHOTO COTPYIHH-
4ecTBa B 00JIACTH KOCMOHABTHKHU. [loxaiyit, Temneppb yx
TPYIHO BOCCTAHOBHTBH MEPEUCHb PA3JIMYHBIX KOMHUTETOB U
9KCIIEPTHBIX KOMHCCHH, TpeAcenaTesieM WIH WIEHOM KOTO-
pbix ObL1 KoTenpHWKOB. B omHOW M3 TakMX KOMUCCHA B
1989 r. mHe BMecTe ¢ Bragumupom AJieKCaHIpPOBHYEM
ObLIa MOpYyYeHa 3a/1a4a MpUBJIicueHUs GpaHIly3CKON HAYKU U
TIPOMBILIJIEHHOCTH [JIs1 CO3/1aHUs TJ100aIbHOM CIly THUKOBOM
CHCTEMBI CBSI3W M HEMOCPEACTBEHHO TeJIeBHICHUs Ha 0Oaze
UCIOJIb30BAHUSl HAIEl CBEPXTSIKEIONH paKeThl-HOCUTEJIs
"Sueprus". IIpu meperosopax B Ilapmke Mbl He 0GHapy-
XKWIN SHTy3MasMma ¢ (paHIy3CKOil CTOPOHBI U, YTOOBI
"orBectu aymy", BasoeM ¢ KOTeIbHUKOBLIM OTIPABUINCH
B JlyBp. B JlyBpe 51 HEe TOJBKO HACTAXIAJCS CO3EpIAHUEM
BEJIMKUX TPOM3BEJIECHUIA HCKYCCTBA, HO €lIe U YIUBUJIICS
spynunu  Biiagumupa AsekcaHapoBHYa, KOTOPBIA MHE
COBETOBAJ, TI€ M YTO CMOTpeTb. OH ckaszaj, 4YTO €ciiu
nomneITaeTech 060t Bech JIyBp, TO HOTOM HE 0 4eM OyJeT
BCIIOMHHUTGL. Jla)ke B TakKOM, Ka3aJ0Ch OblI, JaJ€KOH OT €ro
NIeSITeIbHOCTH 00JIACTH, OH yMell HAWTH, YBUACTH M, KaK s
yOeauics, MOJIyYuTh 3MOIMOHAIBHOE YAOBJIETBOPEHUE OT
OOIICHUS C BEJIMKMMHU TPOU3BEICHUSMH YeJIOBEYECKOTO
TEeHUSI.

3a cBorO HayuyHyr JesTesibHOCTh KOTelbHUKOB ObLI
yIIOCTOEH MHOTHX HATpaJl — BBICOKUX MPABUTEIbCTBEHHBIX,
axagemuuecknx B CCCP u Poccum m mexmaynapoaubix. B
2000 1. 3a (yHIAMCHTAJbHBI BKJIAJ B TEOPUIO CBS3U
npodeccop Bproc Aiizenmnraiin (CIIA) Tak oneHwsn1 Hay4-
uele 3acnyru Korenbnukosa: "Axagemuk KoTeabHUKOB —
BBIIAIOIIUICST Tepoil coBpemeHHOcTU. Ero 3acimyru mpus-
HAIOTCs BO BceM mupe. [lepen HaMu THTaHT paIuOMHKEHED-
HOW MBICJIM, KOTOPBIA BHEC CAMBII CYIIIECTBEHHBIN BKJa[ B
passutue paauocsssu". B nepuon 1973 -1980 rr. Korens-
HukoB 0bL1 ITpencenarenem Bepxosuoro Coseta PCOCP. B
HaIe BpeMsi 00 3TOM cJielyeT BCHOMHHUTB €I1le U IOTOMY, YTO
B T€ OBl TOCYIAPCTBO MO JOCTOMHCTBY OICHUBAJIO HAYKY
KaK MPOU3BOAUTEILHYIO CIITY, 0OECIIeUNBABIIYIO 9KOHOMHU-
4ecKoe 1 000OPOHHOE MOTYIIIECTBO CTPAHBI.

B cBsi3u ¢ 95-netuem akagemuka Bnagumupa AsnexcaH-
nposuda KortensnukoBa Ilpe3unent Poccumiickoit ®enepa-
nuu B.B. ITytun 21 centsiops 2003 r. moamucan ykas o ero
Harpaxaenun opaeHom "3a sacinyru nepen OtedectBoM"
I crenenn. On cran yerBepThiM B Poccuu kaBajiepom 3Toro
opleHa.

Hayuno-TexHuueckasi IIKOJa, CO3/IaHHASl aKaJeMHKOM
KoTeIbHUKOBBIM, B HACTOSILEE BpPeMsI MHTEHCHBHO BHE-
psIeT HOBeHIIMe paJuoTeXHUIECKHE pa3pabOTKH B MUPOBYIO
KOCMOHABTHUKY.

Mpbl BIpaBe TOpPIUTHCS, YTO BMECTE C KPYHHEHIINM
yueHbIM Poccun cocrosimum B Poccniickoil acconuanuu uJe-
HOB MexayHapoaHOM akaaeMUH aCTPOHABTUKH.
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