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BUPYCOJIOIUSa

NMangemuu rpunna:

npouiAoe u bygyujee

10.3.Tengon

UPYC TpUNNa ObUI OTKPBHIT

BCETrOo 75 JIeT Ha3aj, W IO-

HSATHO, YTO BBIJICJIUTh U HC-
CJIeIOBATh BUPYCH, BbI3BABIIHE
NaHJAEMUU B IPONIOM, HEBO3-
MOXHO. OfHAKO aHaIu3 3aboie-
BAEMOCTH M PACHPOCTPAHEHUSA
IPUIIIA [TO3BOJISIET BBISIBUTH 3TU
MAHJAEMUU 110 KPAUHEU Mepe
¢ XVIII B. [1].

B 1729 u 1781 rr. nmaugemMmuu
rpuImma Hayaauce B Poccun, ox-
BATUIN CTPaHbl EBpoImbl, AMepu-
KW M A3UU U BBI3BAJIU JIBE BOJHBI
32060J1€BAHUSA, U3 KOTOPBIX BTO-
pag 6pu1a HauboIEEe CEPbE3HOMN.
B crnepyiomeM CTONETUH MaHJE-
MUA, BO3HUKHYB 3uMON 1830 r.
B Kurae, 3a gBa rojpa mopasuia
Kurtenenn Esponsl, A3un u Amepu-
KH, IPU 3TOM INPOTEKAJId OHA
OMATH C HAUOOJIEE TSKEIONU BTO-
poit BonmHOM. Ta ke TeHJeHIIUA
NOBTOPUIACh U BO BPEMS HAYAB-
mEercd BHOBb B PoOCcCUM MaHAEMUN
B 1889—1892 rr., Korga ot rpurl-
na noru6;j0 6 MJIH 4YEIOBCK, U B
1900 r., xorga B EBpone, AMepuke
U ABCTPAINUU OT 3TOU UH(EKLUU
YMEPJIO 2 MJIH YEJIOBEK, U BO BpeE-
M TAK HA3bIBAEMOI'O «MCIAHCKO-
IO IpUIIa», KOTOPBIX BCIBIXHYJ
B 1918 r. B CIIIA u Kurae, nepe-
KHHYJICA Ha BCE KOHTHUHEHTBHI
U yHEC XKu3Hu 6oxee 50 MIH ye-
JIOBEK. B pesynprare HauyaBuencsa
B Kurae maungemum 3a 1957—
1958 rr. moru6yo 4 MJIH XKUTEJIEH
Pa3HBIX CTPAH, 4 IIPU MAHAEMUHU
1968—1967 rr. — 2 mud. [Tocnen-
HSS MAHAEMUS IPUIITIA TPOU3OII-
ga B 1977—1978 rr.; Havanach
oHa B Kutae m Poccuu, HO mo

© lenpoHn 10.3., 2008

CPAaBHEHUIO € TPEALAYIIUMU
HMENA HE CTOJNb CEPBE3HBIE MO-
crencrsud [1, 2].

fAcHo, 9yTO TMpencKazanue Bpe-
MEHM BO3HUKHOBEHUS CJEAVIO-
meN MaHJeMUH TPUINa — 3aHdA-
THE HEOJIATOIAPHOE, KAK OYEBU/I-
HO U IPYIO€ — T'OTOBUTHCH K HEU
HEOOXOAUMO, KOTrjga Obl 3TO HU
CIAYYUIOCh. A 4TOOB BCTPETHUTD
ONACHOT'O Bpara BO BCEOPYXKHUH,
HY’KHO 3HATb €ro B uno. K nacro-
AMIEMY BPEMEHHU YK€ HAKOIUIEHO
HEMAJIO 3HAHUI O BUPYCAX I'PUII-
na, MPUYEM HE TOJBKO YEJIOBEKA,
HO M JUKUX U JOMANIHUX KHUBOT-
HbIX. OJIHO U3 IJIABHBIX CBOWCTB
BCEX BHUPYCOB TPUMNINA — HU3MEH-
YHUBOCTb UX dHTUI'€HOB, B OCHOBE
KOTOPOW JIEXKUT JIBA MEXAHU3MA —
Jnpeid U peaccoTpanusl.

/lpetigh npOUCXOJUT 32 CYET TO-
YEUYHBIX MYTalUN NPEUMYIIECT-
BEHHO B I'€HAX, KOJAUPYIOMUX Te-
MAITJTIOTUHUH — OJIHOT'O U3 IOTPY-
JKEHHBIX B BHUPYCHYIO MEMOpaHy
6ENKOB, KOTOPBIM OTBEYAET 34 KOH-
TAKT BUPUOHA CO CTEHKOW KJIETKU,

BOpuit 3axapoeuu IenooOH, 00Kmop meou-
UUHCKUX HAYK, NPpogpeccop, eoyujuii Hay4-
noltl compyonux nabopamopuu PHK-cooep-
aawgux eupycoe HHUU earxyun u col860pomox
um.HM.U.Meunurxoea PAMH, 3acnyicerHoiii 0es-
mens nayxu PP (2000 2.), uren Egponelickotil
axaoemuu nayr. O6nacme HAYUHbLX urmepe-
co8 — Oopvba ¢ BUPYCHBIMU UNPEKYUAMU
u paspabomra npomueoSuUPyCHbLX 6AKYUN.

6€3 4Ero HEBO3MOXKHO €€ NH(PUIU-
posanue. Ho gaxe Takue 4acTu4-
HBIE 3AMEHBI B AHTUT'€HHBIX y4aCT-
KaxX (ZOMEHAX) IeMarrjJioTUHNHA
BBI3BIBAIOT XOTb U HE IIOJIHOE U3-
MEHEHUE Crenu(pUIHOCTU BUPYCA,
HO IO3BOJIAIOIIEE €My <«yCKOJb-
3aTb» OT TEX AHTUTEN, KOTOPBIE 06-
PAa30BAUCD K NPEXKIE UPKYIUPO-
BaBuieMy mrammy. Ilpoucxopur
3TO NPAKTUYECKU €KETOJHO, B CBS-
34 C ueM BcemupHas opraHusanus
3apaBooxpanenus (BO3) Ha ocHO-
BAHUU HU3YYEHMS TBHICAY MITAMMOB
BUPYCA, BBIAECIEHHBIX OT 32060JI€B-
J118%D.9 FpI/IHHOM, BBIABJIACT BﬁpI/IaH-
TBl, KOTOPBIE DPEKOMEHJIYET I
NPUTOTOBJIEHUA NPOTUBOTPUII-
IIO3HBIX BAKLWH HA CAECAYIOLMUI
AMUJEMUOJOTUYECKUH CE30H.
bopb6a ¢ pEaNbHBIMH, CXKEIOJ-
HBIMU IINUJEMUAMU FpI/IHHH. HE MC-
HEC BAXKHA, YEM IOAIOTOBKA K
NIPEANOJIAraeMON MAHAEMUH, TO-
CKOJIBKY OHH HAHOCAT OTPOMHBIN
BpEJ 3A0POBBIO JIO/IEN 1 9KOHOMHU-
ke crpaH. ITo ganHbeM BO3, exe-
rojlHO rpumnmnom 6oneer 5—10%
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B3pociablx u 20—30% perei,
IPU 3TOM CMEPTHOCTDb COCTABIACT
250—500 TBIC. YEJIOBEK, 4 KOHO-
MHUYCCKUN ymep6 — 1—6 MiaH
nosut. Ha 100 TBIC. YETTOBEK.

Peaccopmayus BO3HHUKACT
IpU COBMECTHOM Pa3MHOXEHUU
JBYX MITAMMOB BHpyCa I'pUINA
B OZIHOM OpraHusMe. B atom ciy-
4yae MNPOUCXOAUT HE MYyTallUsd OT-
NIEAbHBIX I'€HOB, 4 OOMEH IEIbIMU
I€HAMU, KOTOPBIE IPE/CTABICHBI
B I'€HOME€ BHPYCa TpHUINA BOCe-
MbIO JJOCTATOYHO HE3aBUCHUMBIMU
¢parmentamu PHK. [Ipu 3amene
I€Ha, KOAUPVIOIUETO IeMarrioTh-
HUH OJJHOI'O CEPOTHIIA HA IPYIOH,
BO3HUKAET BAPUAHT C CYIECTBCH-
HBIMU PAa3JUYUSIMU aHTUTEHHOU
cnenupuunocrTu. Cpegu TaKUX
BAPUAHTOB MOTYT OKa34TbCs BBI-
COKOBUPYJEHTHBIC, BBI3BIBAIOIUE
3abonesanue y 40—60% Hacene-
HUA (T.€. TAHJEMUYECKUE) IITAM-
Mbl. OJIHAKO TaAKHE MTAMMBI BUPY-
ca Trpunma MOIyT BO3HUKATD
1 IPU ONPENENEHHBIX MYTAIUAX
JIaKe B IpPEAeNax OJJHOTO U TOTO
JKE€ IUPKYJUPYIONETO CEPOTUIIA.
Kpome TOro, maHJeMHIO TaKXe
MOJXKET BBI3BATh BEPHYBIIUIICH ye-
pe3 60—70 jer «cTapuiii> cepo-
THUI BUPYC4, K BCTPEUYE C KOTOPBIM
HE TIOTOBA HMMMYHH4s CHUCTEMA
MOJIOJIBIX JIIOJIEH.

MaHpeMuyeckue BUPYChI

[TOCKONBbKY BUPYC I'pHUIIA Ye-
JIOBEKA OBUI  OTKPBHIT TOJBKO
B 1933 I, BBIAEIUTD U OXAPAKTE-
pHU30BATb «BUHOBHUKOB» IdHJE-
MU B KOHIIEe XIX — Havane XX BB.
OBIIIO HEBO3MOKHO. TeM HEe MeHee
PETPOCIEKTUBHBIA AHAIU3 AHTU-
TEJI B CBIBOPOTKAX JKUBIIUX B TO
BpEMs JIIOEN TIO3BOJIWI IIPEAIIO-
JIOXKUTH, YTO B 1889 TI. maHpeMuIo
BBI3BAJI BUPYC I'PUIIIA CEPOTHUIIA
A/H2, B 1900 1. — A/H3,
B 1918 1. — A/HIN1* [3].

* B HACTOsAIIECE BPEMS M3BECTHO TPU THIIA
Bupyca rpunmna — A, B u C, U3 KOTOPBIX
HanbosIee ONaceH TUI A, TPE/ICTABICHHbII
16 ceporunamu remarrmoTuauHa (H1—
H16) 1 AEBATHIO CEPOTUIIAMH HEHPAMUHIU-
71236l (N1—N9) — Broporo 1o 3Ha4uMOCTH
B MH(PEKIIMOHHOM IPOIECCE TTOBEPXHOCT-
HOro 6enKa. — [pumen. peo.

Bo Bpema namzpemun 1918 1.
99% miojei, yMepImUX OT TPUIIA
1 €T0 OCJIOXKHEHUN, OB MOJIOXKE
65 net (B ocuosHOM 20—40 neT),
H4 OCHOBAHMHU YETO OBLIO BBICKA-
3aHO NIPEAIIONOKEHUE, YTO JIOAU
CTapLIEro BO3pacra 06144411 OIl-
pe/leIEHHBIM YPOBHEM UMMYHUTE-
T4, 4 3HAYUT, YK€ CTAJIKUBAIUCH
C BUPYCOM, UMEBIIUM AHTUTEHHOE
CXOACTBO C MAHJAEMHYECKUM
mTaMmMoM [4].

JOCKOHAIBHO HM3Y4YUTb BO30Y-
purend nanjgemuu 1918 r. ynanocs
TOJIbKO B HbIHEIIHEM Beke. CHava-
712 10 (hparMeHTaM BUPYCHOTO re-
Homa (PHK), oO6HapyXeHHBIM
B TEIAX YMEPIIUX BO BPEMHA <«HC-
MAHCKOTO I'pUNNA» JIOfEH, ObLIN
BBISIBJIEHBI BCE BOCEMb I'€HOB BHU-
pyca u omnpejeneHa UX HYKIEO-
TUJHASA MOCAESOBATEIbHOCTD. 3a-
TEM C IIOMOIIBIO T€HHON MHXECHE-
pun OblJI PEKOHCTPYUPOBAH BECH
BUPYC U M3Y4YE€HA €r0 MaTOTEH-
HOCTb. MccanejoBanus, IPOBEICH-
HBIE B naboparopun [x.TaybeH-
6eprepa (MHCTUTYT NOATOJOTUU
Boopyxennnix cun CHIA), nmoxa-
3QJIM, 4TO TEMAITIIOTUHUH IIOJY-
YEHHOT'O BHUPYCA CXOJI€H, HO HE
HJIEHTUYEH 3TOMY GEJIKY BUPYCOB
rpunna OTUl, IPUYEM HU TOMY
CEPOTUIlY BUPYCA, KOTOPHIN LUP-
KyJIUPOBAJI 0O Ha4ald MAHAEMUU
1918 r.,, HU oHOMY U3 16 coBpe-
MEHHBIX €I'0 CEPOTHUIIOB [2].

BBICOKOBUPYIEHTHBIM JJI1 MBI-
mIEH OKa3aJICA HE TOJbKO CaM
DPEKOHCTPYUMPOBAHHBIA  MITAMM,
HO U €r0 PEACCOPTAHTHI, CO3/JaH-
HBIC C UCIOIb30BAHUEM OOBIYHBIX
SMUJEMUYECKUX MTAMMOB BUPYCa
rpuimma 4ejoseka. Ilpumedaresn-
HO, UTO Y MBIIIEN TATOJOTUYECKUE
U3MEHEHUA B JIETKUX, CXOJHBIE
C OCJIO)KHEHUAMU Y JIOJIEN, YMEP-
mIMX BO BpeMd nanjgemuu 1918 r,
BBI3BIBAJIA U T€ PEACCOPTAHTHI, KO-
TOPbIE HECJIM 06a I'€Ha MaH/IEMU-
YEeCKOr0 MTaMMd, KOAUPYIOIUX
CUHTE3 OTBETCTBEHHBIX 34 HH(EK-
LIMOHHBIU IIPOLIECC OENKOB (I'eM-
ATTVIIOTUHUHA U HEMPAMUHU/A3DI)
[2], m Te, KOTOpBIE COAEPKAIU
TOJILKO TI'€H I'eéMArrjJioTUHUHA [5].
W3 3TOr0 OBLI CAEIAH BHIBOJ, YTO
BBICOKAAd BUPYJIEHTHOCTb BUPYCA
rpunmna HIN1 o6ycioBneHa Ii1as-
HBIM 00pa3oM OCOOGEHHOCTBIO

reMarrioTUHUHA 3TOr0 BHUPYCA.
Takoil OCOGEHHOCTBIO OKA3aJI0Ch
OTCYTCTBUE MOJIUCAXAPU/A B y4da-
CTKE, PACIHOJOXEHHOM PAJLOM C
MECTOM PACHIENJIEHUA I'E€MATTIIO-
TUHAHA Ha paBe uenodyku (HAI
n HA2) [2]. IIOCKOJIBKY BUPHUOHHDI,
COJIEpKAIME HEPACHIENIEHHBIA
IEMArraIiOTHHUH, HE 00JagaioT
MHQEKIUOHHOCTBIO, OBLIO BBICKA-
34HO MNPEAIONOKEHUE, UTO MyTa-
LIMU, IPUBEAIIME K yTPATE ITOJIM-
caxapuja, CIOCO6CTBYIOT pac-
MEIUIEHUIO TEMAIrTJIIOTUHUHA U
MOTYT OBITh IPUUUHOU MEPEXOAA
HEMATOTEHHBIX WJINW MaJI0IaTO-
TE€HHBIX NITAMMOB BHPYCa T'PUIIIA
B BBICOKOBUPYJICHTHBIE [0, 7].
Kpome TOro BBISICHWJIOCH, YTO
PHK-nonumepaza (cocrodmas U3
Tpex 6enkoB — PA, PB1 u PB2) pe-
KOHCTPYMPOBAHHOTO MITAMMa OT-
JIAYAETCA OT MOJUMEPA3ZHOTO KOM-
IJIEKCA BUPYCOB TPUIMIMA ITHUIL 110
10 amuHoxkucaoram. Cie0BaTeNb-
HO, BUPYC, BBI3BABIINUN MaHJEMUIO
rpunmna B 1918 1., BOSHUK HE IIyTEM
peaccopranuu ¢ BUPYCOM TI'DHUIIIA
IITUL] HETTOCPEACTBEHHO NEPE] Ha-
Ya70M MAHJEMUH, 2 CKOPEE BCETO
C(OPMUPOBAICA B TCYCHUE [JIU-
TEJLHOM 3BOJNIONMH [2].
Bozbygurenu naHjeMuil Tpum-
ma B 1957—1958 1. u B 1968—
1969 rT., MO MHEHHUIO HEKOTOPHIX
CHENUATNCTOB, BO3HUKIU B pe-
3YJABTATE PEACCOPTALUU MEKAY
BUPYCAMU TDUINA  YEJIOBEKA
u ntui [8]. OfHAKO AHAINU3 TEHOB,
KOAUPYIOIMUX  T'E€MArTJIIOTUHUH
y BUpYCa Ipunmna yeaoseka H2N2
(Bo3Oypurensa nagpemuun 1957—
1958 rr.) 1 BUpYyCa I'PUINIA IITHIL]
H2N2, BeisiBU TUTIB 22% TOMOJIO-
ruy. IIpyn U3ydeHuH XKe HYKICO-
TUHOM MOCNENOBATENBHOCTH BH-
pyca rpunmna yenoseka H2N2 yc-
TAHOBJIEHO, YTO T'€HBI, KOJUPYIO-
IMUE CHHTE3 OJHOIO U3 OEJIKOB
[OJIMMEPA3HOro KoMmiuiekca (PA),
nykiaeonporeuga (NP), a rTaxxe
MaTpudHoro (M) um HECTPYKTyp-
Horo (NS) 6€JKOB, BO3HUKIU OT
paHee NUPKYJINPOBABIIETO BUPYCA
rpunmna denoeka HINI, npwu
3TOM NPOUCXOXKIEHUE TEHOB re-
MATTIIOTUHUHA, HEMPAMUHU/AZDI
n 6enkoB PB1 u PB2 HeussecTHO,
xX0Ts red PB1 OblJI CXO/IEH C COOT-
BETCTBYIOIIUM T'€HOM BHpyCa

4
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Bocemb hparmenToe PHK

NONUMEPa3sHbIA KOMNNeKe
(PB1, PB2, PA)

_ nvnmuaHaAa MeM6paHa

_ HeWpamwWHWOasa

_— remMarrmioTMHWUH

M

2

Hykneonpoteuns

CtpykTypa BupuoHa Bupyca rpunna A. [lnamertp BupycHoit yactuuybl — 80—120 HM. B LieHTpe Haxo[uTCA mMaBHbIN CTPYKTYPHbIiA
6enok Bupyca — Hykneonpoteug (NP), copepxawuii Bocemb dparmeHtoB PHK, koTopbie koaupyloT 10 BUpYCHbIX GENKOB.
MatpukcHbIil 6enok M1 hopmMupyeT BHYTPEHHUIA COM NUNULHOK MEMOPAHbI, HA MOBEPXHOCTU KOTOPOIi BbICTYNalOT
TUKONPOTEUHbI ABYX TUNOB. femarrnioTuHuH (HA), B3anMofencTByA C KNETOYHbIMU pelenTopamu, obecneynBaeT NnpuKpeniermne
BMpyca K KneTke. Heitpamnnuaasa (NA) otBeyaet, c OAHOI CTOPOHbI, 338 MPOHUKHOBEHUE BUPYCHOW YACTULbI B KNETKY,

C Apyroit — 3a BbIXOZ M3 Hee HOBbIX BUPUOHOB. benkn nonumepasHoro komnnekca (PB1, PB2 n PA) oGecneunsatoT cuHTes
BUpycHO PHK BHyTpU KneTku xo3auHa. MaTpukcHblit 6enok M2 o6pa3yeT B Mem6GpaHe BUPUOHA MOHHbIE KaHabl.

NS1 1 NS2 — HecTpyKTypHble 6enku, BKatovatowmecs B paboTy B 3apaxeHHoii knetku, npu 3tom NS1 uHrubupyet gencreme
nHTeptepoHa, a NS2 obecneynsaet TpaHcaALmMio BUpYCcHOit MPHK 1 TpaHcmopT nonnuMepasHoro KoMmniekca Yyepes aaepHble
nopsl B 4uTONNasmy. Hykneonpotens nocTosiHEH Mo CBOEN CTPYKType u onpegenset Tun supyca (A, B u C). MoBepxHOCTHble
6e/KW, HaNpoTUB, YPE3BbIYANHO U3MEHYMBLI U ONPefEeNsioT pasHblie WTaMMbl 04HOro Tuna Bupyca (HIN1, H5N1 u .4.).

rpunmna nrur [9]. Takum o6pasom,
HET HUKAKUX JaHHBIX, TOJTBEPXK-
JAIOIUX, 9YTO IEMATTIIOTUHUH BU-
pyca rpunmna uyenoseka H2N2 Obu1
YHACJIEJOBAH OT BUPYCA I'pHUIIIA
IITUL,

[TOoOMUMO 3TOTO BBIACHUJIOCH,
4TO AHTUTENA K BUPYCy H2, KOTO-
pele OBIIM BBIABIEHBI B CBIBO-
POTKAX JI0/IeH, JKUBIIUX B KOHIIE
XIX B. (IpuyYeM CBHIBOPOTKHU OBUIM
B3ATH 10 1957 r, T.€. 1O Hadana
NAHJEMUN), XOPOUWO PEArUpPyIoT
C TEMATTIIOTUHUHOM MaHAEMUYeE-
ckoro supyca 1957 r. [3]. Beuio
OOHAPYKEHO TAKXKE, UTO BO BPEMS
3TON MAHJAEMUM MOJIOJBIC JIOAU
NOPAXAJUCh TPUINOM 3HAYU-
TEJIBHO Yallle, YEM TOXKUIBIE, KO-
TOPBIE, TO-BUJUMOMY, YK€ KOH-
TAKTUPOBAJIN C AHAJTOTUYHBIM 10

AHTUTEHHOU CNENUMUIHOCTU BU-
pycom rpunmna H2 BO BpeMd maH-
gemuu 1889—1892 rr. [10].
Heiipomunugasa BHpYyCa
A/H3N2, BBI3BABLICIO IMAHJEMUIO
rpumnmna 1968—1969 rr,, o auru-
TEHHON CNENU(PUUHOCTH OKaA3a-
JIACh CXOJHOM C HEUPOMUHUA301
MITAMMOB BUPYCA I'PUIINA YeJIOBE-
Ka A/H3N2, nupKyIupoBaBIIMMU
10 1918 1., a BOT reMarrjJioTUHUH,
BEPOATHO, YHACIEAOBAH OT BUPYCa
rpunna yrru (92% romosnorun) [8).
Bce ocTanbHbIE T€HBI TAHLEMUAYE-
CKOro mTamma 1968 1. mpoucxo-
aunn or H2N2 — Bupyca, BbI3BAB-
MIETO NPEBIYIYIO MaHAEMUIO.
OOHAKO B CBIBOPOTKAX, KOTO-
pbl€ ObUIM B3ATHI Y MOXKHUIBIX JIIO-
el 1o Havana maHgeMun 1968 1,
OOHAPYKUBAJIUCH AHTUTEIIA K I'EM-

arrmoTUHUHY H3, cXOgHBIE C AH-
TUTEJTAMH CBIBOPOTOK JIOJIEH, TIE-
peboneBmux rpunmnom B 1968 T.
[3]. DT faHHBIE TO3BOIUIN IIPEJ-
IIOJIOKUTDb, YTO dAHAJOIMYHBIN
mITAMM BHUpyCa I'pUNNa C IeMar-
IMIOTUHUHOM H3 yXe nupKyanpo-
BaJ M BBI3BAJ naHgaeMuio B 1900 r.

TTocnepusst mangemust 1977 —
1978 IT. BBI3BAHA BUPYCOM I'DUIINA
A/HINI1, KOTOpPBIH, KAK IIPABUJIO,
Iopa3uiI JojAen Moaoxe 20 Jer.
OO6BACHAETCH 3TO MPOCTO — MOCT-
pajanyu B OCHOBHOM T€ JIIOAH, KO-
TOPBIE pPAHEE HE BCTPEUYAIUCH
¢ supycom HIN1, mOCKOIBKY 3TOT
HITAMM I[PEKPATUI LIUPKYIALUIO
B 1957 1. B TOM, uTO 062 BHpYCa
(n BbI3BABmUN B 1977 1. manpe-
MHUIO, U LUPKYJIUPOBABIINN 34
20 ner 10 3TOr0) UJAECHTUYHBI, CO-
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MHEHUU HET — 3TO YCTAHOBJIECHO
B PE3yJbTaT€ CPABHUTEIBHOI'O
AHAIN3Q AHTUTEHHOU crenuduu-
HOCTU HX TEMATTAIOTUHUHOB U
HYKJIEOTUJHON IOCIELOBATEND-
HOCTH UX IreHos [11]. HescHo noka
TOJIbKO, KAK BO3HHK 3TOT BHUPYC,
BO3MOXHO, OH Ja00paTOPHOIO
NPOUCXOKACHUS.

Bupyc rpunna ntuy

B mnociepHee BpeMsA OYEHD
MHOTO BHUMAHUSA YIEIAETCSA BBICO-
KOBUPYJIEHTHOMY BUPYCY TPHIIA
ntun, A/H5N1. UcTopusd ero nomy-
JAPHOCTH HAYanach B 1997 1, Kor-
J1a BO BPEMS BBI3BAHHOM 3TUM BU-
pyCOM 3MHU300TUH TpUNNA Kyp
B [OHKOHTE ObUIO MH(MUITUPOBAHO
18 4enoBeK, N3 KOTOPBIX MECTEPO
ymepno. B nmocnenyiomue 10 ner
3MU300TUU TPUIINA JOMAMHUAX
IITUI], BBI3BAHHBIE TEM K€ CEPOTHU-
IIOM BHpPYyCa, HAOMIOAANIUCHL B 12
CTpaHax Asuu u EBpPOIBL, 4 KOIU-
YECTBO 3100IE€BMIUX NPU KOHTAKTE
C MHQUIUPOBAHHON NTHUIEU [JO-
cturio nmoutu 300 4enoBeK, U3 KO-
TOpBIX 60—70% TOrN6710. BO3HUK-
JIO €CTECTBEHHOE OINACEHUE, YTO
BBLICOKOBUPYJIEHTHBIY BUPYC I'PHUII-
na nrun H5N1 MoXeT BBI3BATH
ITAH/IEMUIO TPUIIIA Y JTIOAEN".

Cnepyer OTMETUTD, UTO JIIOJU
1 paHbIIE 3aPaXaaUCh OT MNTHIL
BUPYCAMHU I'pHUINA JAPYTUX CEPO-
tunos (A/H7N7, A/H7N2, A/HON2
U JIp.), TOJIBKO XKEPTB OBIIO MEHD-
me. OJHAKO €CJIM CPABHUTD KOJIHU-
YECTBO JIOAEH, KOHTAKTUPOBAB-
MUX C UHQUIIUPOBAHHON BUPY-
com HS5N1 nruneit, ¢ 4ucjiom 3a-
6ONEBIINX, CTAHET BUAHO, UTO UX
NPOIEHT UCKIIOYUTENBHO Mal —
npumepno 1:10 TwIC. (IO gPyrum
pacueraMm, 1:100 TBIC.) YEIOBEK.
AHAIM3 BO3MOXKHOMN 6€CCUMIITOM-
HOI MH(EKIUU Y TAKUX JIOAEH
MOKA3aJ1, YTO UH(PEKIINIO TUHO BO-
06111€ HEBO3MOKHO BBISIBUTD, THOO
OHa OOHApPYXHUBAETCSI B OYEHb
PEAKHUX CIIydasx.

Kpanne BaXHO U Ipyroe — 3a
10 jer TWATEIbHOI'O H3YYCHUSA

* Tloppobuee cm.: Jveos JK, 3abepec-
notti A/l Anunep T.H. Bupycel Tpunmna: co-
6bITHS U IPOTHO3BI // TIprpoaa. 2006. Neo.
C3—13.

supyca H5N1 Tak u He ygasoch
JI0Ka3aTb, 4YTO 3TO BUPYC CIOCO-
6CH mepeaBaTbCs OT 34060JIEB-
INAX JIIOJEN 3Z0POBHIM. Jleno
B TOM, 4TO B OCHOBE BHUJJOBOH CII€-
IU(UIHOCTU BUPYCOB I'PUIIA JIE-
JKAT COOTBETCTBUE (MU HECOOT-
BETCTBUE) PELENTOPOB HA MEMO-
paHEe KJIETOK YEJIOBEKA U XKHUBOT-
HBIX COCTAaBY AMUHOKHUCJIOT B pe-
IIEITOPHOM YYaCTKE BHUPYCHOTO
IeMarTAI0THHHHA. BBIIO yCTaHOB-
JIEHO, YTO y BUPYCOB I'DUIIA Ye-
JIOBEKA B 3TOHU 006JACTU COJEP-
JKATCA AMUHOKUCIOTHL JEUIIUH
U CEPHUH B MOJOKEHUAX 226 u 228
COOTBETCTBEHHO. DTa PEIEHNTOP-
Has O0JIACTb PACIO3HAET U IPU-
KpEIIAeTCa K PacCIOJOXEHHOMY
Ha MEMOpaHE YEJIOBEYECKUX Kile-
TOK pELENTOPY, KOTOPBIA COAEp-
KUT Ha G'-KOHIIE CHATOBYIO KHC-
10Ty (N-aIeTHIIAKTO3AMUH) —
Neu5Aca(2-6)—Gal. V Bupycos
IPUNIA OTHUIL B TEX K€ MECTAX pe-
LIENTOPHOI'O Y4YaCTKA IE€MarrTiio-
TUHUHA HAXOJATCHA JAPYIHUE AMH-
HOKHUCIOTB — TIJIIOTAMHUH W TJIH-
IIUH, U COCAMHITHCI OH MOJKET
TOJIBKO C PEIENTOPOM KJIETOK
NTHUI, Y KOTOPOro N-aneTuanak-
TO3AMHUH HAXOJUTCA HA 3'-KOH-
e — Neu5Aca(2-3)—Gal. B atux
pa3nuuuAX U 3aJ0XKEHA HECIO-
COOHOCTb BUPYCOB I'pUIINA ITHUILL
NH(PULIUPOBATH KJIETKU YEIOBEKY,
a4 BUPYCOB TPHUININA YEIOBEKA —
KJIETKU ITHUII.

OJHaKO peuenTopamu C
Neu5Aca(2-6)—Gal  o6magaior
KJICTKH TOJBKO BEPXHUX JIBIXA-
TEAbHBIX IIyTEN YeJoBeKA (CIU3U-
CTOr'O 3MUTENHUS HOCA, TIOTKH,
Tpaxeu U OPOHXOB), 4 KIETKU HU-
JKHUX OTAENOB (HELUJIIUAPHBIE
KyOOBUJHBIE KIETKH OpPOHXOB
1 AJIbBEOJ) CHAOKEHBI PELENTO-
pamu ¢ Neu5SAca(2-3)—Gal [12].
Ho faxe ecau BUPYC TPUINA ITHIL
H5N1 npoHuKHET B ODOHXU WU
JIETKHE, OH HE CMOXKET UH(UIIU-
pOBaTh UX, MOCKONbKY O6yA€eT 6110-
KMPOBAH MYITMHOM, KOTOPBIH BBI-
JEIAI0T KIETKH 3TOrO OTJena.
He WHCKIIOYEHO, YTO 3aIUTHOE
JEUCTBUE MYLHUHA OOBACHAET
CTOJIb HU3KYIO 3206071€BAEMOCTD
JIOJEN, KOHTAKTUPYIOMUX C 60Jb-
HBIMH IITUIIAMH, 4 TAKKE OTCYTCT-
BUE nepenayu supyca H5N1 mex-

Ny n110/bMHU. B TO Xe BpeMs Hapy-
HMIEHUE CUHTE3A MYIIUHA, YTO CIIy-
YAETCA JJOBOJIBHO PEJKO, MOXKET
CTaTb OJHOW M3 IPUYMUH 3apaxe-
HUA JIOJEN BUPYCAMU INTHYBETO
I'pUIIIA.

Hexoropble  HUCCIELOBATEIN
[IOJIATAI0T, YTO 3dAMEHA B peLell-
TOPHOU 06JACTU T'E€MATTIIOTHHU-
Ha Bupyca H5N1 naumbonee Bax-
HBIX JUI BUJJOBOM CIIENU(PUIHOC-
TH AMUHOKHUCIIOT (BO3MOXKHO, BCE-
IO JIBYX) MOJKET IIPUBECTU K BO3-
HUKHOBEHHUIO MYTAHTHOI'O BHUPY-
Ca, CHOCOOHOTO PACMO3HABATD pe-
LENTOPHl YETOBEYECKUX KIETOK
JAK€E B BEDXHUX JBIXATEIbHBIX ITy-
TAX, HWHQMUIUPOBATL OOJbBIIOE
YHCJIO JIIO/IEH U TEPEIABATHCS IPU
KOHTaKTe. HeJaBHO ObLIN BBIIENE-
HBL OT 3260JIEBIIUX JIOJICH TPU Ta-
KHX MYTaHTHBIX BUpyca H5N1, ko-
TOPBIE MOIJIM PACIO3HABATbH peE-
L[CHTOpr KJICTOK U IITUIL, 1 YE€JIO-
BeKa. B remarrnioTHHUHE /IBYX U3
HUX OOHAPYKEHBl MYTALlUU ABYX
AMMHOKUCJIOT (B mosuuuax 192,
223 n 139, 182), a y Tperpero —
Tpex (B nmo3upuax 75, 123, 193).
[To MHEHUIO aBTOPOB, JIA HU3ME-
HEHHUSA BUAOCHENU(PUIHOCTH Te-
MAarrTJIOTUHHUHA BUPYCa TPUIIA
MITUALL JO/DKHO MPOU3ONUTA HE Me-
Hee JIBYX NOZOOHBIX MyTanui [13].
JomycTuMm, 3TO TaK, HO TOTJA IO-
4YyeMy NpU MUHQUIUPOBAHUU JIIO-
Jieit (B TOM YMCIIE U YIOMSAHYTBIMHU
MYTaHTHBIMU BUPYCAMH) HE U3BE-
CTHO HU OJIHOTO CJIy4das Mepeaun
BUPYCa OT YEIOBEKA K YETOBEKY,
HE TOBOPA YK O 3dPAKEHUU 6OIb-
IMOT0 KOJHMYECTBA JoJeu? Bupu-
MO, JUISl YCIENTHON U 3HAYUTENb-
HOH PENPOJYKIIUU BUPYCA NTUYb-
€ro IPUIINA B OPTAaHU3ME UYEJIOBE-
Ka HEJOCTATOYHO M3MEHEHUA
TONBKO PENENTOPHOIO y4aCTKA
reMarraIoTHHUHA.

B BujgoBOll crnenu@uUUHOCTH
BUPYCOB I'DUNNA TOMUMO pEIlel-
TOPHOTO Yy4aCTKa IE€MArTJIOTHHH-
H4 YYaCTBYIOT U JPYIU€ BUPYCHBIE
6€KU, HAIpUMEDP HEHUPAMUHUA-
3a u uykaeonporens (NP). Tak,
pEaccopTaHT, COJEPXKAWUN TI'€H
NP Bupyca rpumnma mnTui, a OC-
TAJIBHBIE T€HBI BUPYCA TPUIIIA Ye-
JIOBEKA, OKA3aJCSA CIa6OMATOTEH-
HBIM Ul OelIn4ybux 06€3bsH [14].
HepaBHO  MOABUIMCH  JIAHHBIE
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O poau 6ENKOB MOIUMEPA3ZHOTO
KOMIUIEKCA B BUAOCHEIU(PUIHOC-
TH BUPYCOB rpummna. OKa3anoch,
4TO MyTaIuu B Oenke PA yBennuu-
BAIOT PENPOAYKIIHMIO BUPYCOB B
KJI€TKAX MJIEKOTIUTAIONUX, B He-
Kax PB2 u NP — TpaHCKpUNILUIO
1 PENpOAYKIIHMIO BHUPYCA B ITUX
KJIETKAX, 2 MyTanusd B 6enke PBI —
PENPOAYKIHUIO BUPYCOB T'PUIIA
NTUL, U B KJIETKAX MIJIEKOIUTAIO-
mux u nrul [15]. B 6enxke PB2 B
IOJIOKEHUH 627 y BUPYCOB I'DUII-
4 4YEJIOBEKA COMEPKUTCS JTHU3UH,
4y BUPYCOB TPUIIA NTUL] — IJIIO-
TaMHUH. PeaccopTaHt, copepxa-
MUN TE€H, KOJUPVIOIMHUI O€ENoK
PB2 Bupyca rpunmna InTuly, a OcC-
TaJbHBIE T€Hbl BUPYCA IPUIIA Ye-
JIOBEKA, IJIOXO PA3MHOXKAJICA B Ye-
JIOBEYCCKUX KIETKaX [16]. Bupyc
IPUIIIA YETOBEKd, HECYMNI T'€H
6enka PB1 Bupyca rpumnmna nrui,
NPAKTUYECKU HE Pa3MHOXKAICA
B KJIETKaX MJIEKONMUTAIOMUX U Oe-
JINYbUX 00€3bAHAX [14].

M naxkonern, MOAy4YECHBLI JaH-
HBIE€, CBHUAETENBCTBYIONUE, YTO
ob6pazoBaHue p€eaccopTaHToB
MEX/Jy LUPKYIUPYIOMKUMUA B Ha-
cTOdAIIEE BPpEMS BUPYCAMU TPUIIITA
YeJIOBEKAd U BUPYCAMU TI'PHUIIA
IITUL] 3aTPYAHEHO. «MemaeT» 3TO-
MYy MaTpUYHBIN 6enok (M) cospe-
MEHHBIX 3MNUJEMUYECKUX MITAM-
MOB BUPYCA Ipunmna yenoseka [17].

Becbma BakHbIE JAHHBIE OBLIU
MOJYYEHBI NIPU 3APAKEHUU XOPb-
KOB (PKUBOTHBIX, BBICOKOYYBCTBU-
TEJBHBIX K BUPYCY I'DUNINA YENO-
BEK4) MCKYCCTBEHHO CO3[JAHHBIMU
rubpujjaMu BUPYCOB I'DUIIIIA YE-
noseka (H3N2) u nrun (H5N1)
[18]. A5t KOHTPOJIS ABTOPBI UH(PU-
LUPOBAJIU XOPBKOB MATOT€HHBIMU
BUPYCAMHU TPUIINA YETOBEKA U
nrun, npu 3tom H3N2 xopomo
Pa3MHOXAJICA U IIEPEABAICS APY-
I'MM XOpbKaM, a B caydae ¢ H5N1
HUYETO MOJAOOHOI0 HE MPOUCKO-
IUI0. PeaccopranTt, copepxKamui
T€HBl TEMAITAIOTUHUHA U HEHNpa-
MUHHUJIA3Bl BUpyca H5NI1, a oc-
TalbHbBIE TEeHB BHUpyca H3N2,
HE PA3MHOXKAJICA B OpPTaHU3ME 34-
Pa’KEHHBIX XOPbKOB U HE Ilepesa-
BAJICS 3LOPOBLIM XKHUBOTHBIM. Te
JKE€ PE3YIBTATHI IOTYYEHBI TP 32-
PaKEHUU XOPbKOB PEACCOPTAH-
TOM, CO3/JTAHHOM Ha OCHOBE BUPY-

MukpodoTtorpadun Bupycos rpunna ntuy, H5N1.

€4 NITHUIl, B KOTOPOM T€HBI remar-
[JMIIOTUHUHA M HENPAMUHUAA3LI
NPUHAJICKAIN BUPYCY TPHUIINA
4€JIOBEKA. DTU JAHHBIE IIOATBEPK-
JAI0T, 9TO JUIA U3MEHEHUA BUJO-
BOM cneyu(pUUYHOCTU BUPYCA
IPpUMNNA NTHI] HEAOCTATOYHO MY-
TAllMH B PEIENTOPHON 06yaCTU
TEMAITJIOTUHUHA, PABHO KaK He-
JOCTATOYHO M 3aMEHBI, KA3410Ch
ObI, CAMBIX BaKHBIX B IPOLECCE
MHQUIIMPOBAHUA OETKOB.

WTaK, HA OCHOBAHHUHU HAKOI-
JIEHHBIX K HACTOAIEMY BPEMEHU
JAHHBIX MOXHO CJ/I€NIaTh BBIBOJ,
4TO BO3HUKHOBEHHE NAHIEMUU
ITPUINA, BLI3BAHHOW BHUPYCOM
rpunmna nrurn, H5N1, Mmanoseposr-
HO. CXO/CTBO XK€ I'€HOB, KOJAUPYIO-
MUX TEMAITIIOTUHUH U HEKOTO-
pble apyrue 6€JKu y BHICOKOBUPY-
JEHTHBIX HITAMMOB  BHPYCOB
IPUIINA NTUL, U YEJTOBEKA, MOKHO
OOBACHUTD OOIUM IMPOUCXOXKIE-
HHUEM 3THUX BUPYCOB. B TeuyeHue
TBICAYEIETHEN 3BOJNIOIIUU OHU
AJATNTUPOBANUCH K OINPEJEIEH-
HBIM XO035€BaM, IIPU 3TOM HAubo-
J€e CYmECTBEHHBIE H3MEHEHUA
JIOJKHBI OBIIA NMPOU3ONUTH JIUIID
B OIIPE/ICIEHHBIX I'€HAX (MU JJaXKE
B HEKOTOPBIX UX YYACTKAX), KOJU-
PYIOIUX 6ENKU, KOTOPLIE PACIO3-
HAIOT PELENTOPHl KIETOK XO35U-
Ha. [Ipyrue reHnl MOIJIM COXpa-
HATb KOHCEPBATUBHOCTD, IO3TOMY

http//www.antirak-center.ru

HET HHUYEr0  YAUBUTEIBHOTO
B CXO/ICTBE MTOCAENAOBATENBHOCTEN
HYKJIEOTHUJOB B TI'€HAX BHUPYCOB
TPUINA YENIOBEKA U KUBOTHBIX.
K TOMYy Xe, yUUTBIBASA YACTOTY My-
TAUMIA B I'€HAX BUPYCOB TI'DUIINIA,
MOJKHO HPEANOJIOXKUTD, UYTO BCE
CEpPOTHUNBl BUPYCOB NTHUILL (4 UX
16), BO3MOKHO, IPOU3ONUUIA OT
OOIEro NpEeJNIECTBEHHUKA B Te-
YEeHUE TPEX ThicAueneTuil [19].

Bo3HMKHOBeHUe
BUPYNEHTHOCTH

N Bce Xe mnaHAeMHUYEeCKue
HMITAMMBI BUPYCOB I'DUIIIA Y€JIOBE-
Ka BpeMs OT BPEMEHU BO3HUKAIOT
1, KaK NPaBuo, 061a7aI0T 60Ib-
ey BUPYJIEHTHOCTBIO B CpaBHE-
HUU C 3MUAEMUYECKUMU MITAMMA-
MU BUpyCa. B ueMm xe TyT €107

B mowuckax mMexaHu3MOB, 00b-
ACHSIONNX IPEBPAIEHUE OObIY-
HBIX BUPDYCOB I'DUIIIA B BLICOKOBU-
PYJIEHTHBIE, CTOUT BCIIOMHUTD
O JIBYX B€CbMd UHTEPECHBIX 3IIU-
300TUAX Tpunna nrui. OgHa us
HHUX npounszonuia B 1983—1984 rr.
B CIIIA, npyrag na pybexe XX—
XXI BB. B CeepHoit Mranuu.

B CHIA 10 Hayana 30U300THH,
B anipene 1983 1., B [TeHCUIbBAHUN
LUPKYJIUPOBAJ CIA00MATOTE€HHBIN
supyc rpunna A/H5N2. OgnHako
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B OKTAOpE BAPYI CTaJT BHICOKOBHU-
PYJAEHTHBIM U BBI3BAJ 3TMU300THIO,
I8 OCTAHOBKU KOTOPOWU TpH-
MIJIOCh YHUYTOXUTL 17 MIIH Kyp.
[Ipn CpaBHUTENBHOM AHAIU3E
CBOVICTB OOOUX INTAMMOB BBIACHH-
JIOCh, 4TO [l PACHICIICHUS Te-
MAarrJIOTUHUHA MAJIONaTOT€HHOTO
BUpYCa TPeOyeTCs TPUICHUH, A Y
BUPYJIEHTHOIO MMTAMMa 3TOT Oe-
JIOK pacmeruigeTca 6e3 TPUIICHHA.
AMHUHOKUCJIOTHBIN COCTaB B 00J1a-
CTH, COCEACTBYIONIEH C MECTOM
pacuiemieHus reMarrJIoTHHUHA,
y 060UX MITAMMOB OBLI CXOJHBIM.

Paznmuuusg ObuiM  OOHAPYKEHBI
B COCTaBe CyObEJUHUIL IE€MATTIIIO-
TuHUHA — HAl (B mONOXEHUAX

13, 69 u 123) u HA2 (B mosoxe-
nuu 501). Kpome Toro, Bec ue-
noyku HAD y HemaTtoreHHoOTro
mTaMMa OB HECKOJBKO OOJBbIIE,
4eM y BUPYJEHTHOrO BUpyca. ITo-
CKOJIBKY JIeJIEIUA WUAU BCTABOK
aMUHOKUCIOT B HA1 He HaWjeHO,
NIPEIOIOKWIN, YTO U3MEHEHUE
BECA CBA3AHO C IIOTEPEU IOIUCA-
Xapujaa B OAHOM U3 YYACTKOB I'€M-
ATTJIIOTUHUHA, OOYCIOBIEHHON
MyTalUuend aMUHOKHUCIOTHI B IIO3U-
uuu 13. ITo-BugumMoMmy, yrpara 1o-
JIUCAXAPUAA MOKET OJArONpUAT-
CTBOBATb JOCTYyNy (PEPMEHTOB,
PACIO3HAMNX IIOCAEL0BATENb-
HOCTb AMHUHOKHCJIOT B MECTE PAC-
HICIUICHUA TeMarrjloTUHUHA, 4TO
COIIPOBOX/JAETCA 00JIEC HUHTEH-
CUBHBIM (P)OPMUPOBAHUEM HH(DEK-
LMOHHBIX BUPDUOHOB U, KAK CJIE[-
CTBUE, IOBBIIIEHUEM BUPYAECHTHO-
ctu BUpyca [6].

dnuzoorus rpunna nrui B Ce-
BepHON HMranuu Oblia BBI3BAHA
supycom rpunna A/H7N1. Kak
u B [lencunbBanuu, B Uranuu Bu-
pyc rpunna H7N1 nuupKyauposal
JIO HA4aJ1a 3MU300TUU U OBLI CJIa-
OOIMAaTOTEHHBIM, 4 B KOHIIEe 1999 T,
CTal BBICOKONIATOI'€HHBIM. BbIsC-
HHUJOCh, YTO C HNPUOOPETEHUEM
HOBBIX CBOMCTB B BUDYCHOM I'€HO-
M€ IIPOU3OUIM HEKOTOPbIE U3ME-
HEHMWSA, BBI3BABIINE YBEJMYECHUE
KOJMYECTBAd OCHOBHBIX AMHUHO-
KUCJIOT B OOJIACTH PACHICIICHUA
IEMAITHIOTUHUHA MW IIOABJICHUE
B JIBYX €I'0 CAUTAX PALOM C Yy4aCT-
KOM pacIuernjenusa (B IOJOXEHNU-
ax 123 n 149) noamcaxapupgos.
I[ToMUMO 3TOI'0, PENPOAYKIIUS BU-

pyca 6€3 AONOJHUTENBHBIX I1OJIU-
caxapusos 6b1a B 100 pa3 MmeHb-
i€, Y€MY €TI0 BAPUAHTA € OIUCA-
xapuaamu [7].

HTaK, CpaBHUTENbHBIN AHAIN3
MQJIOMATOTEHHBIX U BO3HUKAIO-
MUX U3 HUX BBICOKOBUPYIEHTHBIX
MTAMMOB BHUPYCOB, BBbI3BABIIUX
JIBE 3MU300TUH I'PUNINA ITHUIL, 1O-
Ka3aJI, YTO Ha PACHIEIJIEHUE TEM-
ATTJIIIOTUHUHA (4TO, HAIIOMHMUM,
KpaWHE BAXHO 11 0OPA30BAHUSA
NH@EKIUOHHBIX BUPUOHOB BUPY-
Ca TPUIINA) MOXKET BIUATDL KAK yT-
paTa, Tak U BCTABKA MOJHCAXAPHU-
JIOB B y4aCTKAX PAZOM C 0OIACTBIO
pacuieruieHus 3Toro 6enka [0, 7).
BricOKadg BUPYJIEHTHOCTb MaH/[eE-
MH4YeCcKoro mramma 1918 r. BuU-
pyca rpunna yenoseka HIN1 Tax-
JK€ OblIA CBA3A4HA C UCYE3HOBEHU-
€M IOJIMCAXAPU/IA B TEMATTIIOTH-
HUHE [2].

YTO Kacaercs MOABJIEHUA BbI-
COKOBUPYVJIEHTHBIX BUPYCOB I'PUII-
a JIIOJEU, TO HENb3d UCKIIOYUTD,
yro mrTamMmbl A/HIN1, A/H2N2
1 A/H3N2 BO3HUKIU JABHO U LUP-
KyJHUPOBAIHU B TEYEHUE COTEH WU
JIaKe THICSAY JIET, BpeMs OT BpeMe-
HU BBI3bIBAs nManaemuu. OfHU ce-
pOTHUNBl BUPYCOB UCYE3ATU U3
OUPKyIsinuu  Hagoiaro (60—
70 yeT), a MOTOM OIIATH BO3BPAIa-
JIUCh, KOTJA Y OOJIBIIMHCTBA JTIOEH
yKe He ObIJIO UMMYHHUTETA K TAKO-
MY CEPOTHUIIY BUPYCA, YTO U HNpPU-
BOJUJIO K MaCCOBOMY 3a60J€Ba-
HUIO I'DUIIIOM C BBICOKOM CMEPT-
HOCTBIO. KOHEYHO, 6oee 4yeTKuu
OTBET O NPOUCXOKACHUM IaAHJE-
MHUYECKUX MITAMMOB BHPYCOB
I'DUIIIA YEJIOBEKA MOXKHO OBIIO Obl
MOJYYUTh, CPABHUB BUPYCHI, BbI-
3papiue nanaemMun B XX B., C IUP-
KyJIUPYIOIIUMH paHEE, HO 3TO,
K COXAJIEHUIO, HEBO3MOXHO. Her
IIOKa ONIPENEIEHHOTO OTBETA U
Ha JIpYroif BONPOC: IJi€ U KAK MOT-
1 COXPAHATBHCA HHMEKIIUMOHHBIE
MTaMMBl BUPYCa TPUIINA YEJOBE-
K4, HA JONTHUE TOJbl UCUE3ABIINE
U3 UUPKYIALUN CPEAU JIOLEH U
BHOBb BO3BPAIlAIOIUECS?

O6Ccyx/1ast BO3MOXHOCTD BO3-
HUKHOBEHUSA MNaHJEMUU TPUIIA
y JIIOJEHN, BBI3BAHHON BUPYCOM
I'PUIINA KXKUBOTHBIX, HAMTOMHUM 06
3anu3one, npousomenmem B CIIA
B 1976 1., KOr/1a IPUIITIOM 326071€-

AW OATH COJJAT M OJJUH M3 HHUX
ymep. OT 3TUX JIOfiEN ObUI BBIJIE-
JIeH BUpYyC rpunmna csuHed HINT.
B TO BpeMsa cunMTanOCh, YTO IAH-
gemuio rpunna 1918 r. BeI3Ban
UMEHHO 3TOT BUPYC, IO3TOMY BO
n30€eKaHUE BCIBIMKNA HOBOI MaH-
JEMUHU OBbUIO PEMIEHO MPUTOTO-
BUTh BAKIIUHY U3 BBIJEJIEHHOTO
BUPYCAa U IPOBECTH MACCOBYIO
BaKIMHALUIO HaceneHus [20]. Ye-
pe3 ceMb MECALEB BAKIIMHA OblLIA
IOTOBA, U OCEHBIO TOT'O XKE I'0flA €€
BBEJIU IPUMEPHO 35 MJIH YEJIOBEK.
N xordg 23Ta BAKIMHA BbI3BAJA
B IIECTb Pa3 OOJbIIE CIy4dEB OC-
JIOXKHEHUN CuUHApOMA KuibeH—
bappo (IOAUPAAUKYIUT), YEM
IpA HMCHOJb30BAHUU OOBIUHBIX
NPOTUBOTPUIIIO3HBIX BAKIIUH U3
BUPYCOB I'PUIINA YETOBEKA, IPEL-
nojaraemMas MaHAEMUA, BBI3BAH-
Hasgd BUPYCOM TIpHUINA CBUHEN
H1N1, He cocrosnacse.

[TosiBIEHHE BBICOKOBUPYJICHT-
HBIX BUPYCOB I'PUIINA COBCEM HeE-
006532TENHHO JOKHO OBITH CBI3a-
HO C BO3BPALCHUEM JABHO UCYE3-
HYBIIETO CEPOTHUIIA BUPYCA HIHU
peaccopranuen. Eciu yuyecTs pam-
HBIE€ 4HAAM34 WITAMMOB BHUDPYCa
IPUNNA NTUL, BBI3BABIIUX 3MHU30-
otuu B [lencunbBanuu u B Cesep-
HOUM HTannu, TO HE HCKIIYEHO,
YTO JJAXKE NMOCTOAHHO IIUPKYJIUPY-
IOIME BUPYCHl I'PUIIA YEJIOBEKA
(manpumep, A/H3N2 u A/HIN1),
KOTOpBIE 06J14/1AI0T CPEAHEH UIN
Jla’Ke Cabo¥ MaTOreHHOCTHIO, MO-
I'YT B PE3YJIBTATE HEKOU MYTAIIUU
reMArrIlOTUHUHA PE3KO IOBBI-
CUTb BUPYJIEHTHOCTb U BBI3BATH
MAHJEMUIO.

Y10 Kacaercs BPEMEHU BO3-
HUKHOBEHUS MAHJEMHUU TPUIIIA,
TO HEKOTOPBIE HUCCIENOBATENHN
(Hanpumep, akajieMuk A.A.CMOpo-
auHLeB, PPEeHCUC U AP.) CYUTAIIN,
YTO MAHJEMUU MOTYT BO3HUKATH
Kaxzapie 10—15 nger. OJHAKO CO
BPEMEHU MOCAEJHEN NAHAEMHUU
B 1977 r. npowmio 40 sner, HO naH-
JEMUI TPHUIIA, K CYACTBIO, MOKA
HE ObUIO. BBICKA3BIBAIUCH HPEJ-
MOJIOKEHUSA, YTO NAHJAEMUU I'PUTI-
114 BO3HHUKAIOT B IEPUOABI MOBHI-
MEHHOW akKTUBHOCTU COJIHLA H,
JNEUCTBUTENBHO, 4 MNaHJACMUH
1957, 1968 u 1977 1T. TaKOE COB-
najieHue umeso Mmecro [21]. Ogna-
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BUPYCOJIOIUSa

KO nocise 1977 1. NOBBIIIEHHAA AK-
TUBHOCTb COJIHI[A BO3HUKAJIA yXKE
HEOJHOKPATHO, HO KaK-TO 000-
IIJI0Ch 6€3 MaAHAEMHUH.

[Toxany#, €cim UCKATb HEKYIO
UUKIUYHOCTD, TO €JIATb 3TO CTO-
UT Ha OCHOBE 4HATIN3a BPEMEHU
MEXIY CaMUMU HaHJEMHUAMU
TPUIINA, BBI3BAHHBIMU OJHUMHU Te-

Jluteparypa

MM JKE CEPOTUIIAMU BUPYCOB I'PHUII-
a 4YeJOBEKA., PUCKYs MOBTOPHUTH-
s, HAIOMHIO, Y4TO BUPYC CEPOTUIIA
H2 cran BUHOBHUKOM MAaHAEMUU
B 1889 u 1957 rr,, a H3 — B 1900
u 1968 1T, T.€. MEX/Iy UCIC3HOBE-
HUEM BHUPYCAd U €ro MOSABJICHUEM
npoxoaut 60—70 sner. C 3TUX HO-
3UITUH HAUOOJIEE BEPOSITHBIN KaH-

JAUIAT B TAHJEMUYECKUI ITAMM —
BUPYC rpunna yejaosexa H2N2, nc-
YE3HYBIIMKM U3 UUPKYIALIUN NPU-
mepno 40 ner nHazaj. Brpouewm,
HEIb3s1 UCKIIOYUTh U TpaHChOp-
MALMIO [UPKYIUPYIONUX BUPYCOB
rpunna 4venoseka H3N1 m HIN1
U3 CPEJHENATOTEHHBIX B BBICOKO-
[IATOTCHHbIC. W
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V CarypHa CTaJIO OJAHOU Jy-
HOI Gombme. Ero 60-11 cmyr-
HUK — PpaHK — O6bLI OOHAPYKEH
Ha CHUMKAX, CAEJAHHBIX 30HJOM
«Kaccuanm» 30 maa 2007 r. Ipen-
MOJIAraeTcsl, YTO 3TO MaJOE He-
0ecHOE Teno (JUaMeTp 2 KM), CO-
CTOAINEE M3 TBEPABIX TOPOJ
U JIbJIA, YAACTCA OGNETETh HA PaC-
croaHuu 12 Teic. KM B 2009 1.

Sciences et Avenir. 2007. Ne727. P.21
(®pannus).

B 2007 r. B COCTAaB pErMOHAb-
HOrO MNPUPOAHOIO mnapka Keupa
B BepxHux Anbnax BOIIET HOBBINA

IIPUPOJHBIN HAIMOHAJILHBINA pe-
3epsar — Puzrona Mon Buso.
ITox mero orsemeHo 2300 ra vy
MMOJHOXHUA TOpbl Buso. Pesepsar
OTINYAETCA OOTATOM AIbIUHCKON
(pJIOpPOT, HACUUTHIBAIOMIEN OKOJIO
800 BuaoB pacrenuut (mouru 20%
dpannysckon ¢guopsl). He menee
NpEeACTaBUTENbHA U (payHa. DHAC-
MHUYHBIM BUJIOM 3TOT'O PAaMOHA AB-
JgeTCa camaMangpa Jlanma.

Terre Sauvage. 2007. Ne227. P.59
(®pannus).

I'pynma crnenyuanamucTos U3 pas-
HBIX CTPAaH, COBCPIMIUBIIAA MCCTU-

HEZleJIbHOE IUTAaBAHUE IO P.JHII3HL,
NpUnUla K 3dKJII0YEHHUIO, YTO
O3CPHBIM KUTAUCKUNA JenbduH
(Lipotes wvexillifer) — ppeBHUI
BH/I, OOUTABIINII B PEKE OKOJO
20 MJIH 11€T, — BO3MOJKHO, Iepe-
CTaJ CyIecTBOBaTh. Miccaenosare-
JIIM HE y/a70Ch OOHAPYKUTb HU
OJHOI 0COOU 3TOr'O MOYTHU CJICIO-
ro genb(puHa, KOTOPBI OPUEHTU-
pyeTca IOCPEeNCTBOM 3XOJOKA-
nuu. [JIaBHOM NPUYMHON BBHIMH-
paHUA dHJEMHUKA CTAIU CYyJOXO[-
CTBO U CTPOUTENBCTBO IVIOTHH.

Science et Vie. 2007. Ne1074. P.31
(Ppannusm).
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®U3UKA. TEXHONOruUg

JaekmpoHuka XXI Beka 4epes
npusmy HaHoOmMexHoAoruu

IO.U.TonoBunu

pUIIECTBUE 3Pl HAHOTEX-

HOJOTUM KaK BCEOOIIEro

U CUCTEMHOTO MOJAXOJa K
PELIEHUNIO CAMBIX TPYAHBIX TEXHU-
YECKUX 3471449 B I POMA/THOU CTEIle-
HU OBLJIO CTUMYJIMPOBAHO Oecripe-
LIEJICHTHBIMU TEMIIAMU PA3BUTUSA
MUKPO3JIEKTPOHUKU. OHA U OCTa-
€TCs OJHOU M3 BAXHCUIINX U
KPYHNHENIUX CheP NPUIOKEHUA
HaHONapagurMel. [103TOMYy 60b-
IIHAHCTBO AOCTHUXEHUN B HAHOHA-
YK€ CHA4a/1d OLIEHUBAIOTCA C TOY-
KM 3PEHHUA MEPCHEKTUBHOCTU UX
HCIONIb30BAHUSA B KOMIIBIOTEPHOU
TEXHHUKE, CPEJICTBAX CBSI3U, DJICK-
TPOHHUKE MNPOMBIIIJIIEHHOI'O U Obl-
TOBOI'O HA3HAYECHHS.

Hacnepue n HoBU3HaA

[TmanapHas TEXHOJOTHs, MO3-
BOJIAIOMAA CO34aBATb UHTETPAJIb-
Hble cxeMbl (MIC) HAa TOBEPXHOCTHU
OYEHb YUCTOI'O KPEMHHUSA, OblIA
usobperena B 1959 r. u 6pICTPO
BHEJIPEHA B NPOMBIIIEHHOCTD.
TeMIbl COBEPIIEHCTBOBAHUSA JJIE-
MEHTHOU 0a3bl TBEPAOTEIbHON
3JIEKTPOHUKHU C CAMOTO Hayaa
OBIIN UCKIIOYUTEIBHO BBICOKUMHU:
B T€YeHME 60JIee YEM YEThIPEX JIe-
CATKOB JIET JUHAMUKA YIYUIICHUSA
BCEX CYIECTBEHHBIX MAPAMETPOB
NC yK1aapIBa€TCA HA SKCIIOHEHTY.
Tak, KOJTUYECTBO 3JIEMEHTOB B MU-
KPOIIPOIECCOPAX U OI0KAX JIUHA-
muueckon namaru (DRAM) yiasa-
MBAECTCA KaX/ble IOJTOpPA Troja
(3akoH Mypa — OJJHOTO M3 OCHO-

© T'osnoBuH 10.1., 2008

Baresnei komnanuu «Intel»). OTo-
My COOTBETCTBYET HEYKJIOHHOE
YMEHbHIEHUE XAPAKTEPHBIX Pa3-
MEPOB OTHEAbHBIX 3JEMEHTOB R,
yBEIMYEHUE  OBICTPOAECHUCTBUA,
CHUXXEHUE 3HEPTONOTPEOIEHU
U CTOUMOCTHU (pucC.1l). DKCIIOHEH-
LUAJBHBIA POCT YHCJIA 3TEMEH-
TOB, U3 KOTOPBIX COCTOUT MUKPO-
cxeMma (B IEPBYIO O4YepeAb TPAH-
3UCTOPOB), IPUBEI K TOMY, 4TO
cymmapuo B 2005 r. 6BIO HpO-
n3BeReHo okoyso 10" TpaH3ucTo-
poB (IpuUMEPHO MO 1 MAPA MITYK
Ha KXJOTO KUATENA 3€EMIH), UYTO
Ha TPHU NOPA/IKA IPEBBIIIACT YHC-
JIO 3€PEH MIICHUIIBI, BHIPAIIUBAC-
MBIX B MHUpE exeroaHo. IIpuuem
MacmTabel (PUHAHCOBBIX 3aTPAT
COTIOCTABUMBI: 34 KAXKIOE U3 ITUX
3€PEH CENYAC MOKHO KYIIUTh KAK
pa3 1 TeIC. TPAH3UCTOPOB. Moii-
HOCTb, pacceuBaemas Ha 3aTBO-
pax TPAaH3UCTOPOB 34 OJHO IIe-
PEKII0YEHUE, YMEHBIIMIACH 34
nociaenaue 40 nger 6o01ee 4eMm
B 10° pas.

Botmb modcem, 3mu 31eKmporv. —

Mupot, 20e naAMb MAMEPUKOS,

Hcrycemaa, 3namnvi, 60LHbL, MPOHbL

H namams copoxa eexos!

Ewge, 6b1mv moxcem, Kancowlii amom —

Bcenennas, 20e cmo naanem.

Tam ece, umo 30ecb, 8 00veMme CIHAMOM,

Ho maxace mo, wezo 30ect Hem.
Banepuit bprocos

IOpunit Heanoeuu I'onoeun, 0oxmop pu3u-
KO-MAmMemamureckux nayx, npogeccop, ou-
pexmop Hayuno-obpa3osamensbnoz2o yerm-
pa <Hanomamepuansvs U HAHOMEXHOAO02UU»
Tamb606CcK020 20CY0apcmeerHn0zo yHUGepCu -
mema. 3aAcCaAYIenHbill 0eamens Hayku Pd.
Obnacms HAYUHbLX UHMEPECOE — OUHAMUKA
CMPYKMYPHuLX 0ePexmos 6 PasiudHsvlx Ma-
mepuanax, 6AUAHUC MAZHUMHBLX U MUKDO-
B0IHOBLLX NOACL HA CMPYKMYPY U CBOLICMEA
meepouvLx mes, HanOMexHOJL02UU.

Takum 00pa3oM, NOCJIEAHHUE
IATH JIECSATKOB JIET 3JEKTPOHHUKA
CTPEMUTENBHO PA3BUBANIACH IOJ
JIO3YHT'OM: KOMIIAKTHEE, OBICTpEE,
Jydiie, Jemessie (MMEIOTCA B BUSY
X4aPAaKTEPHBIE PA3MEPHl OT[EJb-
HBIX 3JI€MEHTOB, OBICTPOJEHUCT-
BU€, COOTHOIICHUE II1€HA/KA4eCT-
BO). 3aKOHBI CKEMJIMHIA Obecle-
YMBAIOT OJHOBPEMEHHOE yIIyd4lle-
HHE BCEX Xapakrepuctuk UC npu
yMeHbmeHun R (1adnl). YTobn
NOAAEPKUBATh 3TU Oeclpelne-
JEHTHBIC B UCTOPUM I[UBUJIN3A-
LIMU TEMIIBI POCTA KJIIOYEBBIX Ma-
PaMETPOB BBHIYCKAEMOM MPOJYK-
LIM{ U B JaJbHEHUIIEM, HEOOXO/IU-
MO K 2012—2015 rT. yMEHBIIUTH
TEXHOJOTUYECKUN IIar IpU MPO-
n3sojacTee MC 1o ~10 HM (IpOTUB
~100 HM, JOCTUI'HYTBIX B HACTOs-
mee Bpemsa). Hexkoroporo mpo-
rpecca MOXHO OXHUAATh HA HYTU
COBEPUIEHCTBOBAHUA CYIIECTBYIO-
mux 1moaxomoB. OZHAKO, IO 06-
MEMy MHCHUIO CICIIUAIUCTOB,
UMEIONUECS B IPOMBIIICHHOCTH
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DOU3SUKA. TEXHONOIUS

TEXHOJOTUU HE CMOIYT obecre-
YUTb TAKOU PBIBOK AK€ I1OCJIE CY- YMCINO HeFPOHOB
MECTBEHHOI'O VAYYILIEHUA, IO- B MO3re Yenoeeka
CKOJIbKY B 3HAYUTEJIBHON Mepe 10000
OHM YK€ HCYEPHaIn CBOU BO3-
MOKHOCTH 3BOJIIOIIMOHHOI'O Pa3-
sutusa. OcsoeHue 10-HAHOMETPO-
BOI'O JUAIIA30HA IMOTPEOYET pa3-
paboOTKU NPUHIUINUAIBHO HOBBIX
(pU3UYECKUX OCHOB U TEXHOJOTUH
IIPOU3BOJACTBA 3JIEMEHTHONU 0a3Bbl,
KOTOpBIE B OOIUX 4YEPTAX IIPO-
CMATPUBAIOTCS yXKe cervac. MH-
TepBaa or 1 1o 10 HM — 1oxa 1o-
JI€ 1IEATENBHOCTU AN (PYHJAMEH-
TAJIbHBIX UCCIIEJOBAHUN, KOTOPbBIE
TOJBKO HAMIYIIBIBAIOT BO3MOKHBIE
MapUIPYThl TPOJABUKEHUA MACCO- 10 | | T T 10°
HOBOTI'O THUIIA — KBAHTOBYIO HAHO-
3JICKTPOHUKY. < 10%
OcHOBHBIE  (DYHKIIUU  YCT- =
POMUCTB HAHOINEKTPOHUKHU MOXK- ~
HO CBECTH K ClIefiylonmemy (puc.2): g glts
o6paborka wuHpOpManUH
U BbI1a4d PEIICHUI U YIIPABJIAIO-
MUX KOMaH/J C IOMOIBIO MUKPO-
NpOLECCOPOB, PAabOTAIOMUX BO
B3AUMO/IENICTBUU C YCTPOUCTBAMHU
ONIEPATUBHOU MAMATH,
JOJITOBpEMEHHOE 3JIHEPro-
HEe3aBHCHMO€ COXpaHEHHE HH-
¢dopmanmm, K KOTOPOH BPEMS OT
BPEMEHHU MOXKET OOPAMATbCA HH- 0.01
(opMalIMOHHAA CUCTEMA,
nepegaya uHPOpManuu
BHYTPU MHKPOCXEMBI, BHYTPHU 0.001 T
KOMIIBIOTEPA, MEXKJY PA3JIUYHBIMU
TEXHOJIOTMYECKUMU U HUHPOpMa-
LMOHHBIMU MOJYJIAMH, 110 JTOKAJIb-
HBIM U IVIOOATBHBIM CETAM;
npeodpaszoBanue wuHbpoOp-
MAaIlMH, [I0Jy4EHHON U3 BHEIIHEHN
cpeapl, u TpaHcpopmanusa €e
B JICKTPUYECKUI CUTHA PA3INY-
HBIMU CEHCOPAMH, A TAKKE 0OpaT-
HOE IPEOOPA30BAHUE U3 ITEKTPU-
4YECKOU (POPMBI B JPYI'YIO — CHUIIO-
BYIO, TEIIJIOBYIO, 3BYKOBYIO, BU3Y-
A7bHYIO (AKTYATOPBHI);
3amura HHbDOpMAmHUH OT
HECAHKIJUOHUPOBAHHOTO JOCTYIId,
HCIIONb30BAHUA, CTUPAHUA U T.IL.
HecmoTpst HA pasauyue B CO-  Puc.1. JuHamuKa HEKOTOpPbIX NoKa3aTeneil pa3BuTUA TBEPAOTENbHOIA
JACPKAHUU ITUX 33/1aY, K UX PCAIN-  MUKPOINEKTPOHMKK. [peacTaBneHsl cnefylolne xapakTepucTukn: Yncno
32111 MOXKHO MPEABABATL U HEKO-  TPaH3UCTOPOB B OHON MUKPOCXEME U MUHUMaNbHbIE pa3Mepbl 31eMEHTOB
TOpBIC OOIUE TPEOOBAHMA: TIOBbI- B NAOCKOCTW YNNa; TaKTOBas 4acToTa NPOLECCcOpoB (pa3nuyHble TUMbI
meHue (PYHKUMOHAABHOCTH U UH-  BbINYCKABLINXCA NPOLECCOPOB 0603HAYEHbI Pa3HLIMU TOYKAMU) 1 CyMMapHOe
TEJUICKTYAIbHOCTH M3JC/INH, TeX- KONMYeCTBO TPAH3UCTOPOB, NPOU3BEAEHHOE B MUpPe 33 rof,; CTOMMOCTb OJLHOW
HOJIOTUYHOCTH TTPOU3BOJICTBA, HA-  AYyelKW onepaTUBHOI namaTh (y Touek ykazaH o6bem namat mukpocxembl DRAM).

MOLYM NaMsATH ’ =10
PC DRAM z

4WCNO TPaH3UCTOPOB B OAHOW WHTErpanbHoOM MUKpoCXeMe
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0.1 1012
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‘|0Il'
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10" = 64!(6
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=
r

T T T
1980 1990 2000 2010
rofs!
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Ta6nuua 1

Xapakrep nusmeHeHua napamerpos MOM-cTrpykryp
NMpPY YMEHbWEHUM X PA3MEPOR B O pa3 (3UKOHbI CKEHANHIaA
NPY HEU3MEHHOW BEJINYMMHE HANMPSAIKEHHOCTHU NIEeKTPUUYECKOro

nonsa)

ITapamerpst

3aBHCHUMOCTH OT QU

Pasmepsr npubopa

KoHIIeHTpalus TUTraTyphl
[IpuKIafbIBaCMOE HANPSKCHUE
DIEKTPUUECKOE TI0TIE

EmMKOCTD

[T0JBMKHOCTD HOCUTEIEH

Toxoswlit Aperig

Bpems nepekmodeHns

MomHoCTb, paccenBaeMas B OJHOM LIUKIE
DHeprus, paCCEMBAEMas B OJHOM LIHKIE
[II0THOCTD MOHTAKA

[I10THOCTD TEIIOBbIENCHUS

JIEKHOCTH, OBICTPOJEHCTBUS, EM-
KOCTH MaMATH TIPU OJHOBPEMEH-
HOM CHIKCHHHU MAaTEPHAIOEMKOC-
TH, JHEPronoTpebIeHUs, CEOECTO-
HMMOCTH, CJTOKHOCTH MOTb30BAHUS.
[To-BUAMMOMY, CAMBIH IEpCIEK-
TUBHBIH ITyTh COCTOUT B OO'bE/JUHE-

BHELUHAR cpesa

ceHcopbl
(natavkn,
MWUKPOQOHLI,

Knasmarypa

aucnneu,
TPOMKOTOBOpPM-
TENW, aKTyatopsl,

Asuraten

BXO[Hble
(i) \

BK1OeOKaMepsl), 1

1/o
o
1/a
1
1/o
1
1/o
1/a
1/’
1/o?
1/a?
1

HHUHU BCEX IEPEUYUCIEHHBIX (PYHK-
LU B OOHOM THOPHUIHOM YCTPOU-
CTBE, BBIIIOJTHCHHOM METOAAMU
IUIAHAPHON TEXHOJOTUU Ha OIHOM
YHUIIe, YTO TMO3BOJSAET EMY «4yBCT-
BOBATb, IyMaTh, IPUHUMATh pelIe-
HUS, JEHUCTBOBATh M OOIMATHCSA». B

3awuTa
WHhopMaLum

~
N

N\
\

#

Oonro-
u NamAaTb /
onepatueHasa
NamaTb

/
/

A A A A

npeobpa3osaHue
WHopMaLm

nepena4a
WHOopMauUM  MHhopMaLmMm

obpaborka XpaHeHue

WHopMaL1m

Puc.2. OcHoBHble YHKLMM W Y3/ibl KOMNBIOTEPHO-OPUEHTUPOBAHHOM NEKTPOHUKH.

MOCJIEJHAE TOJbl Pa3paboTaHbl U
OCBOEHBI B MA4CCOBOM IIPOU3BO/CT-
B€ JIECATKUA TUIIOB MUKPOIJIEKTPO-
MexaHn4yeckux cucrem (MOMC).
Tak, HECKOABKO MHJIIUOHOB T'HO-
PUJIHBIX YUIIOB YCTAHOBJIEHBI B CO-
BPEMEHHBIX JIETKOBBIX 4BTOMOOU-
JIIX, KOTOPBIE VIPaBIAIOT Cpada-
TBIBAHUEM NTOAYLIEK O€30MACHOCTH
pu aBapuu. Ha moBeCcTKe JHA CTO-
AT OCBOEHNE HAHOAHAIOTOB TAKUX
CHUCTEM.

C TOYKU 3pEHUS HOBU3HBI U Pa-
JUKATbHOCTH MOJAXOJOB (A CIeJ0-
BATEJNBHO, U HEOOXOJUMBIX MaTe-
PUATBHO-3KOHOMHUYECKUX PECYP-
COB, U 34TPAT BPEMEHH) MOKHO
00603HAYUTh TPU OCHOBHBIX Ha-
NIPABJIEHUA PAOOT:

— COBEPIIEHCTBOBAHUE HAHO-
3JIEKTPOHUKHU MYTEM 3BOJIOLUOH-
HOTO YJIYYHIEHUS CYHMIECTBYIOMIUX
«KPEMHHUEBBIX» IUIAHAPHBIX TEX-
HOJIOTUU;

— 06osee raybokoe mMoauduU-
LUMPOBAHUE MJIAHAPHON TEXHOJO-
THU U PACHPOCTPAHEHHUE €€ Ha
JpYrue MaTEPUANIBl U CUTYALIUH;

— CO3aHHUE MPUHIIUIHUATIBHO
HOBOW 3JJEKTPOHUKU CIAEAYIONUX
IIOKOJIEHUN Ha OCHOBE <«HEKPEM-
HUEBBIX> YCTPOUCTB U UHBIX PHU-
3UYECKUX IPUHI[UIIOB.

PeBOMIOIIMOHHBIE HUJIEU TOCIE]T-
HErO NYHKTA IPEJINONATAIOT HUC-
[10JIb30BAHUE HAHOTPYOOK, (pysuie-
PEHOB U HUX NPOU3BOJHBIX, KBAH-
TOBBIX CBEPXIPOBOAANIUX KOMIIO-
HEHTOB, YCTPONUCTB ONTOTPOHUKH,
6UO3NEKTPOHUKH, OAHOINEKTPO-
HHUKH, CIUHTPOHUKH, MEPEXO] K
KBAHTOBBIM PACIPE/ICICHHBIM BbI-
YUCACHUAM U T.JI.

B aHIVIOA3BIYHON JUTEPATYPE
TPU YHOMSAHYTLIX HANPABICHUSA
JUIsL KDATKOCTH MHOT/A HA3BIBAIOT:
«B 6yaymee BMECTE C KDEMHHUEM»,
«ps/IOM C KDEMHHEM» U «32 TIpejie-
JaMu KpeMHusA» (puc.3). B Hacro-
AIe€ BPEMS BO3MOXKHOCTU KPEM-
HUEBBIX TEXHOJOTUN JO KOHILA
€Ile HE UCYEPIAHBl, U NIPU HAJU-
YUU CIENUATUCTOB, OOJIBIINX
NPOU3BOJACTBEHHBIX MOIIHOCTEH,
OTJIAKEHHOT'O MPOU3BO/ICTBA, UH-
(ppacTpPyKTyphl, pa30TPETHIX PBIH-
KOB COBITA 3TOT CETMEHT €IIE JOII-
ro 6yjJeT 3aHUMAaTb HA PBIHKE J0-
MUHHUDYIOmMUE MO3ULUU. OJHAKO
CEpPbE3HBIC NMPUHIUINUAIBHBIE OT-
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pPaHUYEHUS, C KOTOPBIMHU 3J€Ch
NPUXOAUTCA CTANKUBATLCH, 3a-
CTABJIAIOT IyMaTh U HAJ| AJIbT€PHA-
TuBaMu. bosee OIU3KUM U NPO-
I'HO3UPYEMBIM 3KCIEPTAM MPE]-
CTABJISIETCS BTOPOE HAIPABJICHHUE.
Ho ckopee BCero — 3TO MaJaua-
TUB, U PEBOJIIOIIMOHHEIE TPEOHpa-
30BaHUA MHMOPMAIIMOHHON TEX-
HUKHA HaC XKAYT 3a NpeJelamu
«KPEMHHUEBOI» U/IEOJOTUN.

KamHu NPeTKHOBEHUA
ANA MUHUATIOPU3AL UK

MOKHO BBIZENUTL TPU TPYIIILI
NPUHLIMUIAAIBHBIX IPUYKH, 06yC-
JIOBUBAIOMUX (PYH/LAMEHTAIbHBIC
[IpeJeIbl s IaJIbHECUIIIETO
YMEHBIIEHUS PA3MEPOB OTHAENb-
HBIX 371eMeHTOB B MIC (puc.4): trep-
MOJUHAMHUYECKUE, IJIEKTPOJUHA-
MUYECKUE, KBAHTOBOMEXAHUYEC-
kue. IlepBasg U3 HUX MOPOXIEHA
KOHEYHOHU TeMIepaTypoil O6beK-
TOB, XA0TUYECKUM TEIJIOBLIM /IBU-
JKEHUEM 4TOMOB M 3JIEKTPOHOB,
HAT'PEBOM BCJIEJCTBUE IPOTEKA-
HUA TOK4, JEUCTBUEM IEPBOTO
1 BTOPOTO Hayaja TEPMOJUHAMU-
KU (B YaCTHOCTH, CTPEMJICHUEM
K POCTy SHTPONUU U MOTEPE HH-
gopmanuu B CUCTEME), OCOOCH-
HOCTSAMHU OOPATUMBIX U HEOOPATH-
MBIX IIPOLIECCOB B HAHOOOBEKTAX.
DIEKTPOJUHAMUYECKUE OTPAHU-
YEHUS BBI3BAHBI MHEPIIMOHHOC-
ThIO EMKOCTECH M MHAYKTUBHOCTCH
B CXEME, UTO NPENATCTBYET OBICT-
pOMYy M3MEHEHUIO HANPIKEHUHN
U TOKOB IIPU IIEPEXOJIE OT OJHOIO
COCTOSIHUSA K IPYromMy (Hampumep,
npu padoTe JOTUYECKUX KII0Yei
B MUKDPOIPOILIECCOPE MIU SUEEK
JUHAMAYECKOU mamMaTH). KoHeu-
Hasd CKOPOCTb PACHPOCTPAHEHUA
JIEKTPOMATHUTHBIX BOJIH (OCO-
6EHHO B IPUCYTCTBUU IIPOBOJHU-
KOB, (DEPPOMATHETUKOB, (HePpPO-
3JIEKTPUKOB), ABUXKECHUA HOCHUTE-
JIEN 34pAAA, NEPEMATHUYUBAHUA
(peppOMATHETUKOB WM TIEPEMNO-
JIAPU3ALAN JU3JIEKTPUKOB HAKIIA-
JIBIBAET JOTOJHUTEIbHBIC OTPAHU-
yeHus Ha OwblcTpopelicTue. Tpe-
Tbs TPYNNA NPUYUH MOJAKIIOUAET-
€A NPU YMEHBHIEHUM XaPaAKTEP-
HBIX PA3MEPOB OO6BEKTA R 10 4ATO-
MApHBIX MacmTabos. Ilpu 3TOM

rogbl
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Puc.3. Tpu BO3MOXHBIX CLLEHAPUA Pa3BUTUA MUKPO-, HAHOJIEKTPOHUKH
B GnMKalilwem M OTAANEHHOM OyaylleM.
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Bpems nepexknoveHns, C

Puc.4. OyHpameHTanbHble npeesbl MUHUATIOPU3ALMUM 3TEKTPOHNKY.

R — xapaKTepHblit pasmep anemeHTa, W — sHeprus, paccenMBaemas npu ogHOM
nepeksoyeHnn. s cpaBHeHUA NoKasaHbl XapaKTePUCTUKU HEMPOHA W C1Hanca

YyenoBekKa.
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CTAHOBUTCS 3AMETHOIM ATOMHAsA
U 3JIEKTPOHHAA [JUCKPETHOCTD
B ABJICHUAX IEPEHOCA, B3AUMO-
JNIEUCTBUA YacTull U T.11. [Ipubau-
JKEHME R K JIJINHE BOJHEL Jie bpoii-
JIsL Ul 3JIEKTPOHOB IIPUBOAUT
K fepopManuu U JUCKPETU3ALUU
3JIEKTPOHHBIX CIIEKTPOB, U3MECHE-
HUIO JIEKTPUYECKUX, MAIHUTHBIX
U ONTUYECKHUX CBOMCTB BEIECTBA.
CHIMKEHME MACCHI YACTULLHI (4 Clie-
JIOBATEJIBHO, €€ HMIIyJbCad p U
3HEpruu FE) BBI3BIBAET POCT HE-
OIIPEAEICHHOCTU €€ IOJOXECHUA
(Ax, Ay, AZ) U JJIUTEIbHOCTU CY-
LIECTBOBAHUA JAHHOI'O COCTOAHUA

wramn
_nonume
i p ﬁ
Harpea BAABMMBaHME
u.l'ramn
6 MOHOMQP ﬁ
Norpy>KeHve

nazepHoe obny4eHne
wramn

pacnnas
Si0,

pacnnasneHue

BaBnMBaHWe

(Al) B COOTBETCTBUU C NPUHITU-
IIOM HEOIPEAENEHHOCTU Iel3eH-
o6epra: ApcAx 2 h/2, 1 AE-At 2 h/2.
BmecTe ¢ Tem TpaHchopMaIus He-
IIPEPBIBHBIX CIIEKTPOB, pacrnpeje-
JIEHUM, COCTOAHUMN, XAPAKTEPHBIX
JU11 OO'bEMHBIX TEJI, B TUCKPETHBIE
II0 MEpPE YMEHBIIEHUSA K OTYACTU
Ja’K€ TOMOTAeT pa3paboTKE HO-
BBIX IPUHIIUIIOB B IU(POBOH TEX-
nuke. M3 puc.4 BUAHO, 4YTO [0
NPUHIUINAABHBIX IIPEAEIOB CO-
BEPIICHCTBOBAHUS 3JIEKTPOHUKH,
IIOJIOXKEHHBIX IIpupopoi, eme
OYEeHb JaJeKo. PeanbHO ceryac
HEOOXOUMO OOPOTHCH C PA3NIUY-

i
b

oXpaxneHue Konws
yﬂbrpad)monemaoe
obnyyeHne
nonuMepu3aLms Konws

Konua

Puc.5. HoBble meToabl HaHONUTOrpauUM — TpW BapuaHTa HAHOMMMPUHTUHTA
(a, 6 1 8) M TpK cxeMbl 30H[OBOM NUTOrpacdun: @ — aTOMHbIE MAHUMYNALNK

W [U3aiiH; 0 — XMMUYecKue peakLuuu B pe3ncTte (nonumepusauus,
BOCCTaHOBNE