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PeraknimoHHBIN COBET

I'naBHBIN pegakTop

- Kpnuesckuii I'epman EBceeBUY, TOKTOpP TEXHUYECKUX HAYyK, IPO-
(eccop, 3acmyxeHHBIN nesTens Haykun PD, Bune-npesuneHT Hanorex-
HoJIoTHYecKoro odOmectBa Poccun, 3aBenyromuii kadeapoir MIYTY.
Hayunbie uHTepechl: (pOTOHMKA OKPAIICHHBIX BEIIECTB, MEATEKCTHIID,
XUMUSL U (PU3HKO-XUMUST TTPOU3BOJICTBA BOJIOKOH M TEKCTWIIA, AUBy-
3MOHHO-COPOLMOHHBIE SIBICHUS, T€TePOreHHasi XUMHUYECKas KUHETHKa.

3aMecTHTEIH IJIABHOTO PEIaKTOPA

- IHaxpamanbsin Muxanj AHAPAHMKOBHUY, JOKTOP TEXHUYECKUX
Hayk, npodeccop, 3acmyxeHHbIl nestens Hayku PD, [ToderHslit cTpo-
utens Poccun, akanemuk PAEH, unen DxcneptHoit Komnernn wHHO-
BaroHHoro I1eHTpa CronkoBo, skcrepT Poccuiickoro ¢gonma dynma-
MEHTalbHBIX HcclenoBaHul. HayuHble WHTEpechl: apXUTeKTypa u
CTPOUTENBCTBO, MAaT€MaTUYECKOE MOJETUPOBAaHUE, Telaroruka, au-
CTaHIIMOHHOE 30HIUpPOBaHUE 3eMJIH U3 KOCMOCA.

- Anapewok /lenuc CepreeBu4, KaHauaaT OMOJIOTHMYECKUX HAYK, HC-
MOJTHUTENIbHBIN BUIIE-TIpe3uIeHT HaHoTexHOoIorm4eckoro oO0IecTra
Poccun, nonent DxoHomuyeckoro ¢akyiaprrera MI'Y um. M.B. Jlomo-
HOcoBa. HayuHbie MHTEpECHI: 3BOJIIOIIMOHHBIE MTPOILIECCH B IKOHOMMY €-
CKMX M COIIMAJIbHBIX CHCTEMaXx, IIOMCK W aHAJIN3 aHAJOTH B HPHHIH-
nax yIOpaBJICHUS MEXKAY >KUBBIMA OpraHU3MaMH M COIMAaIbHBIMU
TpYyIMIIaMH.

OTBeTCTBEHHBbIN CEKPeTAPh

- I'ymapos Banepunii Anexcanaposuny, peaakrop noprana Hanorexno-
norudeckoro obmecrsa Poccun.




YieHbl peJaKIUOHHOI0 COBETA:

- ApminnoB Baagumup UBanoBHY, TOKTOp PUIOCOPCKHUX HAYK, PO-
(eccop, raaBHBI HaydHBId cOTpynHUK MHCcTHTYyTa dmocopun PAH,
pykoBoauTENb HampasieHus «Dunocodckre mpoOieMbl HAYKH U TEX-
Huku» B Uucturyre ¢pmnocodpun PAH. Hayunbie mHTEpECH: HCcaeno-
BaHUS B oOmact (GMIOCOPCKUX MPOOJIeM MEXIUCIUTUTMHAPHOCTH,
TPaHCAUCIUIUIMHAPHOCTH, TIPOLIECCOB KOHBEPTEHIIMU B c(pepe BHICOKHX
TEXHOJIOTUH.

- bepauH AJiekcaHAp AJIEeKCaHAPOBHY, JOKTOP XMMHYECKUX HAYK,
npodeccop, akangemuk PAH, nupextop MHcTUTyTa XuMudeckoit pusu-
ku uM. H.H. CemenoBa. Hayunbie nHTEepechl: pu3nKa U XUMUS BBICO-
KOMOJIEKYJISIPHBIX COEIMHEHUIN 1 KOMIIO3UIIMOHHBIX MaTEpUajoB.

- bynanoB Baagumup I'puropneBuu noktop ¢uiaocopckux Hayk,
KaHIuAAT (U3MKO-MaTeMaTHUYEeCKUX HayK, 3aBEIYIOIIMH CEKTOpOM
MexIuCUUIUIMHAPHBIX MPoOieM Hay4HO-TEXHUYECKOro pa3Butus MH-
crutyra ¢unocopun PAH. Hayunbie unaTEpechl: dumocodus Haykw,
TEOpHUs CI0KHOCTU U CHHEPreTHKa, MEeKIUCIUILIMHAPHbBIE HCCIe10Ba-
HUS, MOJICIMPOBAHHE COLMAIbHON PEaTbHOCTH, AHTPOIOJOTHYECKHE
pucku NBICS-Texnonorui.

- bbikoB BUKTOp AJIeKCAHAPOBUY, JOKTOP TEXHUYECKUX HAYK, MPO-
¢eccop, npesuneHT Hanorexnonoruuyeckoro obuectBa Poccum, Ilo-
yetHblll npe3usieHT «HT-MJT Cnexrpym Huctpymentc». Hayunbie
MHTEPEChl: HAHOTEXHOJIOTHH, MOJIEKYJSIPHBIE TEXHOJIOTMM, MKHUIKHE
KpHCTaJLJIbl, IPUOOPOCTPOEHHUE [l HAHOTEXHOJIOIMH U METPOJIOTUH.

- 'ontmaxep EBrenmii IlliieMoBHMY, TOKTOp SKOHOMHUYECKHX HAYK,
npodeccop, MHCTUTYT MHUPOBON SKOHOMHUKH U MEXIYyHapOJHBIX OT-
HomeHu wumenu E.M. IIpumakoBa Poccuiickoil akaaeMuu Hayk.
Hayunble nHTEpECH: N3y4eHNE COLMAIBHO-TIOJIUTUYECKUX IIPOLIECCOB,
PErMOHAIIMCTHKA.




- I'ynniann EBreHuit AjiekceeBHY, JOKTOpP XMMMYECKMX HAyK, IPO-
¢eccop, unen-koppecnongenT PAH, MI'Y umenn M.B. JlomoHocOBa,
3amecTuTenb aekaHa PakynbreTa HayK 0 Marepuanax MI'Y, 3aBenyro-
it Kagenpoit nanomarepuano @axynpreTa HAyK O MaTepuaiax, 3a-
Mectutens aupekropa HOLL MI'Y. Hayunbie unTEpechl: BHICOKOTEM-
HepaTypHble CBEPXIIPOBOJIHUKH, MaTEpUaibl C KOJIOCCAIbHBIM MarHuT-
HbIM conpoTuBieHneM (KMC), HaHomaTepuasibl.

- 'yceB Bopuc BiaagumupoBuy, 10KTOp TEXHUYECKUX HAyK, Ipodec-
cop, uneH-koppecnonaeHT PAH, npesuaent Poccuiickoit MHXXKEHEPHOM
akanemuu, npe3usieHT Poccuiickoro Coro3a 00IIECTBEHHBIX aKaJAeMUit
HayKk. Hay4yHbie mHTEpECHl: MPOYHOCTh MAaTEPUAIOB, ONITUMU3AIUS TEX-
HUYECKUX PEIIEHUH U TEXHOJOTUM CO3JaHUs HOBBIX MaTEpHUaJIOB,
CTPOUTEIHBHOE MATEPUATIOBEJEHUE U TEXHOJIOTHS CTPOUTEIBHBIX MaTe-
pHUaJoB.

- JyopoBckuii Jasun HspaumneBuu, okTop (unmocodckux Hayk,
npodeccop, rIaBHBIM HaydHBIH COTpyIHHK CEKTOpa TEOPUHU ITO3HAHUS
Hucturyra ¢punocopun PAH, npodeccop dunocodckoro dakynprera
MI'Y um. M.B. JlomonocoBa, comnpenacenareiasr Hayanoro cosera PAH
10 METOJOJIOTUH HMCKYCCTBEHHOTO HWHTEIIeKTa. HaydHble WHTEpecHI:
poOJIEMBI «CO3HAHHUE U MO3T», METOJOJOTHYECKHE BOMIPOCHI Pa3BUTHUS
WH(POPMAIMOHHBIX U KOTHUTUBHBIX TEXHOJIOTH.

- Koiipman Ockap HocudoBuu, T0KTOp XMMUYECKUX HAyK, Tpodec-
cop, wieH-koppecnonneHT PAH, npesuaent lBaHoBckoro rocymnap-
CTBEHHOTO XHUMHUKO-TEXHOJIOTUYECKOTO YHHBEPCUTETA, MpeicenaTelb
DKcnepTHOro cosera no opranndeckoil xumuun BAK. Hayunbie nnre-
pechl: CHHTE3, UCCIeA0BaHUs (U3UKO-XUMHUECKUX CBOWCTB M MpUMe-
HEHUSI MaKpOTeTePOLMKINYECKUX COCAUHEHUN U UX METaNIOKOMIUICK-
COB.

- KpuueBckuii Cepreii BragumupoBu4, 10KT0p Gri1ocopCcKux Hayk,
KaHAUJaT TEXHUYECKUX HayK, Mpodeccop, BeAyluil HaydHblil coTpy -
HUK MHCTUTYyTa MCTOpUM ecTecTBO3HAHUA M TexHuku umenu C.M. Ba-
Bunosa PAH, kocMoHaBT-ucnbITaTens. HayuHnele MHTEpECHl: a’poKoC-
MUYecKasi AeATelIbHOCTb, UCTOPUS U (PUIOCO(US TEXHUKH, «3EICHBIE»
TEXHOJIOTUH, HBOJIIOLHSI TEXHOJOTHI U TeXHOC(Eephl, KocMUYecKoe Oy-
Jyliee YeloBeKa U YeJI0BEYECTBaA.



- Kypunnbiii Asekcanap HukosaeBuu, co3nartesib U pyKOBOJUTEIb
npoekta NanoNewsNet.ru, uieH LlenTpanbHoro npasiaenuss Hanorex-
Hosiormueckoro oomectBa Poccun. Cdepa MHTEPECOB: MOMYISIPU3AIIHS
3HaHWI B 00JIACTH HaHO- OMO- MH(O- KOTHO- HAYKH, TEXHOJOTUH, HH-
TyCTpHH, HHOOPMAIIMOHHO-aHATUTUYECKAsT U TPOCBETUTEIILCKAS JIesI-
TEJILHOCTh B 00JIACTH BBHICOKUX TEXHOJIOTHI.

- Jlroromckunit Hukouait BagumoBu4, apxutekrop, paypear I'ocynap-
ctBeHHOM npemun P®, naypeat npemuit Mocksel 1999 u 2007 ronos,

TBOPYECKUN  PYKOBOJUTENIHh KOMIIAHUM «APXUTEKTypHOE OIOpO
DJINUCy.

- Mockanés Urops EBrenbeBuy, xanauaat Guiaocopckux HaykK, J10-
LIEHT, JUPEKTOp LEHTpa MOHUTOPUHIa KadecTBa 0Opa3oBaTeNbHBIX
nporpamm UI'CY Poccwuiickas akageMusi HAQpOTHOTO XO3SIMCTBA U TOC-
ynapcTBeHHOW ciyxOb1 mipu IIpesupente Poccuiickoit denepamum.
Hayunble mHTEpechl: aHTPOMOCOIMATIBLHBIE MPOEKINN KOHBEPTrEeHTHBIX
TEXHOJIOT Ui, yIpaBiieHue OyAyIIUM, TEOPHUs CIIOKHBIX CHCTEM, YIpPaB-
JICHHE COI[UAIbHBIMU U3MEHEHUSIMH.

- Opaun Cranuciaas BiaaguMupoBuy, cTapiinii HAyYHbIM COTPYAHUK
OTU um. A. ®©. Nodbde PAH, 3acmyxennsiii uzodperarens CCCP.
Hayunsie untepecsl: (u3nka TBepJOro Teia.

- @urosckuiiit Oger JIbBOBHY, IUPEKTOp MO HAYKE MU Pa3BUTHIO
INRC Polymate (Israel) u Nanotech Industries, Inc. (CA, USA), axa-
nemuk EBponeiickoit Akanemun Hayk, npesunent Mspannsckoit Acco-
nuanuu M3o0perateneil. Hayunsle uHTEpechl: HAHOKOMITO3UTHI Ha OC-
HOBE IOJINMEPHBIX, CUJIMKATHBIX U METAUNINYECKUX MATPHL], IKOJIOTH-
Yyecku Oe30IacHble MaTepHajibl Ha OCHOBE HAHOCTPYKTYD.



- YeksenoB Bagum BukrtopoBud, kanauaar Gunocockux HayK, co-
OCHOBATElb, HCIOJHUTENbHBIA aupekTop Poccuiickoro IoT-menrtpa
(Russian Research Center on the Internet of Things).

- lIBeny Butanuii UBaHOBHY — JIOKTOp XMMHUYECKHX HAyK, mpodec-
cop, akagemuk PAH u PAMH, npodeccop Kadenpsr buorexnonoruu u
MPOMBIIIIEHHOW (hapmanuu MHCTHTYTa TOHKUX XUMHYECKUX TEXHOJIO-
ruii MOCKOBCKOIO TEXHOJIOTMYECKOTO YHUBEpcuTera. HayuHbie uHTe-
pechl: ¢puznonorunyeckue U GhapmMakoJIOTHIECKUe CBOWCTBA OMOJIOTHYe-
CKM aKTHUBHBIX COCIUHEHUM, TOJIyUeHHE TUArHOCTMYECKHX U JIeKap-
CTBEHHBIX IPENapaToB C MOMOIIBI0 HAaHOOMOTEXHOJIOTUYECKUX IpHe-
MOB, dopmupoBaHus dPGEKTUBHON CHUCTEMBI TOJTOTOBKH COBpPEMEH-
HBIX KaJIpOB B 3TOM 00IacTH.

- IOproB EBrennii BacujibeBu4, JOKTOp XUMHUUYECKUX HAYK, TTpodec-
cop, wieH-koppecnonaeHT PAH, u.o. pexkropa Poccuiickoro XMMuko-
TEeXHOJIOTHYecKoro yuuBepcurera uMm. .M. Menzaeneena, 3aBeyroninii
kadenpoit «HanoTexHomornn u HaHOMaTepuaibl». Haydnwie wmHTEpe-
CBHI: pa3pabOTKa M HWCCJICIOBAaHUE CBOWMCTB HAHOMATEPHAIOB W HAHO-
CTPYKTYP, GUZHKO-XUMHS IKCTPAKITMOHHBIX CUCTEM.

- Simunckuii Urops BaaguMupoBu4, 10KTOp QU3HKO-
MaTeMaTHYeCKUX HayK, Ipodeccop, reHepaabHbIl qupektop LlenTpa
NEPCIIEKTUBHBIX TEXHOJOTHI MOCKOBCKOTO TOCYJapCTBEHHOI'O YHHU-
BepcuteTa uM. M. B. JlIomoHocoBa. HayuHble HHTEpECHI: aHAIUTHYE-
CKasi OMOHAHOCKOIIHSI, HAHOCKOIHS MOJIMMEPHBIX MaTEpUajoB, pa3pa-
00TKa UHCTPYMEHTApUs IJI1 HAHOCKOIUHU, 0O0y4eHue B 001acTi HaHO-
TEXHOJIOTMU Y HAHOCKOIIMH.

XyI0KHUK

- Exarepuna Hukudgoposa.
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KonTakrsbl:

I'naBubiii penakrop I'epman KpuueBcknii gek20003@gmail.com, 1. 8-910-415-08-50
3amecTuTeIb IJIABHOTO peaakTopa /lennc Anaperok denis.s.andreyuk@yandex.ru
OtBercTBeHHBI cexpeTrapb Banepuii I'ymapos aguma@rambler.ru

Peoaxyus osrcypnana ne 6cecoa pazoensiem 6viCKa3auHvle HA CMPAHUYAX HCYPHANA A8MOPAMU
nyonuKayuti MHeHUs, NO3UYUU, NOJIOHCEHUS, MOYKU 3peHUs. Ha npoucxooauue 6 Poccuu u 6 mupe
npoyeccuvl u coovimus. Ilyonuxayus CnopHuix, OUCKYCCUOHHBIX U UHBIX NPOMUBOPEUUBLIX ABMOD-
CKUX MOYeK 3peHusi 03Hadaem omcymcmeue co CmopoHvl peOaKyuoHHOU Koale2uu U peoaKyuoH-
HO20 c08ema HCypHaa, 0OPUYUaIbHbIX 20CY0apCmeeHnblX opeanos énacmu Poccutickou @ede-
Payuu U UHLIX CMPYKMYP, OP2AHU3AYULL U YUPEHCOeHUl KaKUX-1ubo Gopm u 8U008 YeH3ypol U
02paHuyeHul.

Peoaxyus srcyprnana ne necem omeemcmseeHHOCMU 3a NOIHOMY COOEPAHCAHUSL U OOCMOBEPHOCHb
ungopmayuu, mamepuanos. ABmopsi Hecym nepCcoHAIbHYI0 OMEEMCMBEHHOCb 3A COOEPAHCAHUE
CBOUX MAMEPUAN0s, MOYHOCMb Nepesood, Yumuposarus u oubauoepaguieckol ungpopmayuu.
Peoaxyus sicyprana He Hecem omeemcmeeHHOCMU 3d COOEPHCAHUE U MOYHOCb TH0ObIX NPUBO-
OUMBIX YUDPOBBIX, ULTIOCIPAMUBHBLX, YUINUPYEMBIX MAMEPUATLO8 8 NYOIUKAYUAX ABMOPO8
arcypHana. Jlanuyro omeemcmeeHHOCMb HeCym UCKIIOUUMENbHO a8Mopbl mex nyonukayutl, 6
meKcme KOMopPbIX COOMBEMCMBYIOujue Mamepuaibl COOEPHCaAmcsi.

Peoaxyus sicypnana ne necem omeemcmeenHoCcmu 3a 8bICKA3aHHblE A8MOPAMU NYOIUKAYULL
MOYKU 3peHUs Ha npoucxoosawue 8 Poccuu u 6 mupe nonrumudeckue npoyeccol, coobimusi, sigje-
Hus. Peoakyus jcypHana ne ynoI1HoOMO4eHa U He 8 npage onpeoenams, KaKue U3 npoucxooauux 6
noaumuieckom npocmpancmee Poccuu u mupa cobvimuti umerom noioHCumenbHulil Uil Ompu-
yamenbHbulll, NPAGOMOYHbIU UTU UHOU XApaKmep, He Hecem OMmEencmeeHHOCMU 3a 8bICKA3AHHbIe
8 PAMKAX NYOIUKAYULL UX ABMOPAMU OYEHOUHbIE CYHCOCHUS 8 OAHHOM 80NpOCe.

Peoaxyus sicyprnana pazmewaem u nyoauKyem mamepuaisl, KOMmopwle 8 OCHO8e C80ell He Npo-
mueopeuam MedcoyHapoOHOMY NPABy, HAYUOHAILHHIM 3AKOHOOAMENbCIMEAM MeX CIMPAH, U3
KOMOPBIX NPOUCX00M a8MOPbl NYOIUKAYUL, HO NPU DIMOM He bepem Ha cebsi 00A3aHHOCMU NO
VCMAHOBIEHUIO (PaKmoe coomeemcmeus/Hecoomeemcmeusi OaHHvLx mamepuanos. Omeem-
CMBEHHOCMb 3a H0Oble NOOOOHbIe COOMBEMCMBUS HECYM UCKIIOYUMETbHO A8MOopbl NYOIUK)e-
MbIX MAMEPUANO8;

Peoaxyus sicypnana ne necem omeemcmeenHocmu 3a pazmewjaemvle 6 cemu Mumepuem unu Ha
JII0ObIX UHBIX CPeOCmBax nepedayu UHGOpMayuu U UHGOPMAYUOHHBIX HOCUMETSX De3 ee 6edoMd
U NUCLMEHHO20 CO2NACUsL MAMePUATIbl, UMerowue YKa3aHue Ha OmHouleHue K Hay4Ho-
nyoauyucmuueckomy scypuany « HBUKC-Hayka. Texnonozuuy.

Hayuno-nyonuyucmuueckuiu scypuan « HbUKC-Hayka. Texnonozuu» pekomeHo06an K 03Ha-
KOMJICHUIO YUMamensam u noab306ameaim unmepHema, HAUUHAA ¢ 603PACHIHON Kame2opuu
om 6 n1em.


https://mail.rambler.ru/#/compose/to=gek20003%40gmail.com
mailto:denis.s.andreyuk@yandex.ru
mailto:aguma@rambler.ru

11
14
27
DD
68
8O
I8
122
131
144
150
156
161
160

KonoHka rnaBHoro pegakropa

NBICS-KOHBepreHLmMs TeXHOAOT W CTopuYeckmin 063op.
Yacrtb I: 2001 - 2006 rr.
beikos E.M.

BeeaeHwne B HBVIKC-texHonorum
Kpuyesckuti I".E.

MeTtogonoruna Hayku
OpoduH C.B.

«CeTeBO NyTb» COBPEMEHHON HaHO-TEXHO-HaYYHOW MPaKTUKM
ApuwiuHos B./.

MpuUpoaHble N NCKYCCTBEHHbIE KOHCTPYKLMOHHbIE MaTepwuasbl
bepnur A.A., laynos A.FO.

MporHo3npoBaHMe NPOYHOCTHBIX XapPaKTePUCTUK aAre3vOHHbIX COeANHEHWIN B ANCMEPCHBIX CUCTEMAX
Kyopseyes I1.I., Puzosckuti O./1.

DKONOTUYHbIE (YUNCTbIE, «3EN1EHbIE») a3POKOCMUYECKNE TEXHONOTMN 1 MPOEKThI: MeTOAMKa UCCeAoBa-
HWI, KpaTKas UCTOPWS, NepcrnekTUBbI
Kpuuesckuti C.B.

Avpwuxaban B kKauecTBe YHMKaNbHON NAaTGOPMbl AN5 Pa3BUTUS HOBbIX TEXHOOTUIA N BHEAPEHWS He-
CTaHAAPTHbIX TEXHUYECKNX PeLLeHNiA
l'ymapos B.A.

JKosornyeckas apxmMTekTypa, Kak pesynbTaT CUHTE3a TEXHONOMMIA
Jlromomckuti H.B.

AKTya/bHble BOMPOChI MPOPUABHOrO NHXEHepHOro obpasoBaHuWs B LLKOE: B3r/IA4 B Oyayliee
UWaxpamaHesH M.A.

LleHTpbl MONOAEXHOTO MHHOBALMOHHOTO TBOpYecTBa — MapLupyTsl HBKC
Axmemosa A.M., Mewkos I".b., AmuHckul U1.B.

HaHouHAaycTpus v BbicLiee obpa3oBaHue: 3agaum, NpPobaemsbl, peLleHmns
Axmemosa A.U., AmuHckul U.B.

New and Bestselling Lecture Notes and Books on NBICS-Technologies
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He emecmo, a emecme!

YBakaemble untaresu ;kypHaia KHBUKC-Hayka. Texnosorun»!

[lepen Bamu mepBbIli HOMEP HOBOIO *KypHayia (IOKa B 3JIEKTPOHHOU (op-
Me). Mbl, Bechb PesicoBeT, oueHb BOJIHYeMCs, XKIeM OT Bac 00beKTUBHOM OIICHKH (B
TOM YHUCJIE KPUTHYECKON) O COAep)KaHUs >KypHana, SCTETUKU ero ohopMIIeHUS,
Ju3aitHa, y00CTBa IMOJb30BaHUS JKYPHAJIOM U, KOHEYHO, OTBETAa Ha MPUHIIUIIH-
aJBHBIN BOTIPOC 0 HEOOXOJUMOCTH KypHaJIa TAKOT'O HAMPABJICHHUS.

3auem, nouemy u s koro xypHain «HBUKC-Hayxka.Texnomnorun»? Kyp-
Haja MoJ00HOro Ha3BaHUS M TAKOrO CojiepkaHus HEeT HU B Poccum, HU B mupe.
Nmeetcs orpoMHOE KOTMYECTBO CIHENUATU3UPOBAHHBIX JKYPHAJIOB MO BCEM Hay-
KaM U TEXHOJOTHUSIM KOHBEPI€HTHOTO XapakTepa, TO €CTh MO HaHO-, Mo OHo-, Mo
uH()O-, IO KOTHO- M COIMAJIbHBIM TeXHOJOTHsIM. Ho, HE cMOTpsi Ha OuYEBHUIHOE
KOHBEPIreHTHOE B3aMMOJICHCTBHUE M TIIyOOKO€ MPOHUKHOBEHHWE MEXAY HUMHU, Ha
BO3HHMKAIOIINE OT 3TOW KOHBEPTCHIIMW CUHEPTHUU U CUHTYJISIPHOCTH, HE CMOTPS Ha
oesycnoHoe ymaepctBo HBUKC-TexHomoruit B 6-oM TEXHOJOTHYECKOM YKJIaJe
4-01f HAYYHO-TEXHUYECKOU PEBOJIIOIIMU, HE CMOTpPS Ha HEMpPEACKa3yeMOoCTh (CHH-
T'YJSPHOCTD) PA3BUTHUS IO KPYTOM AKCIIOHEHTE HAYYHO-TEXHUYECKOTO Mporpecca u
BO3HUKAIONINX, KaK CIEJCTBUE, MHOTOYUCIEHHBIX PUCKOB (IIPEXJe BCEro, COIU-
ATBHO-3TUYECKOT0 XapaKTepa), TAKOro KypHaja JI0 CUX MOp HE BO3HUKIO. OTCYT-
CTByeT nyOiauuHas uHpopMaImonHas miatgopma s 00Cyx)aeHUs MPodIIeM TeX-
HUYECKOT0, TEXHOJIOTUYECKOT0, (GUI0CcO(CKOro, COIMAIBHOTO, IOPUIUYECKOTO Xa-
pakrtepa, mpobiieM MEXroCyJapCTBEHHBIX OTHOIIEHUN, TOKCHUKOJIOTHYECKON Oe3-
OITACHOCTH, SKOJIOTHH, YCTOWYMBOTO Pa3BUTHs OOIIECTBA, HEOOXOIUMOCTH Pa3BU-
THS 3€JIEHBIX (IKOJOTHYECKH YUCTHIX), CHHUX (3¢ ()EKTHBHOE HCITOIB30BaHUE I10-
TEHLIMaJIa BOJJOEMOB, BKJIIOYasi MUPOBOW OKE€AaH) U KOCMUYECKHX TEXHOJIOTUH, IH-
BUJIM30BAHHOTO Pa3BUTHS KHOEPIPOCTAHCTBA M MHOTHX JPYTUX TpoOIeM, CH-
CTEMHO CBSI3aHHBIX APYT C APYTOM.

B stom mnane xypuHan «HBUKC-HT» mpenocrabiser nHpOpMamoHHYO
TUTOMIA/IKY JJIS IIMPOKOTO KPyra POCCHUHCKHUX M 3apyOeKHBIX aBTOPOB M YHTATe-
neil. B xypHane OyayT myOJIMKOBaTbCS OPHUTMHAIBHBIE HAYYHBIE MaTEPHAIIbI,
HAYYHO-TYOIUIIMCTHYECKUE U HAYIHO-TIOMYJISIPHBIE CTAaThU, COACPKaHNE KOTOPHIX
OyZeT BBIXOJIUTD 33 PaMKH OJHOW 00JacTH 3HAHUU M MpakTukK. Ocoboe BHUMAaHUE
OyZeT ynensiThCs BOIpocaM o0pa3oBaHUs (ITKOJIBHOTO M BY30BCKOTO) IO yTJIOM
3peHHs] HEOOXOAUMOCTH MEXAUCIUIUIMHAPHOTO, MEXIPEIMETHOTO U MEXKOTpac-
JIEBOTO XapakTepa 00y4YeHHs.

Mps1 otnaeMm cebe OTYeT O TeX TPYAHOCTIX, KOTOPblEe HAaM MPEACTOUT Ipe-
0J10JIETh, YTOOBI 3aBOEBATh MHTEPEC OyMyIINX aBTOPOB U untareneil. Comepxkanue
EepBOrO0 HOMEpa CPOPMHUPOBAHO 3a CUET BHYTPEHHHX pPe3epBOB. BOJBIIMHCTBO
cTaTel HaMKMCAHO YJIEHaMH PEJICOBETa, BECbMa aBTOPUTETHBIMU clieninanuctamu. B
JajapHeneM OyJieM cTapaThCsl MPUBIICKATh U IPYTHX OTEUYECTBEHHBIX U 3apy0e K-
HBIX aBTOPOB, HE MEHEE KBATU(UIIMPOBAHHBIX.
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MpbI 10ATO UM K U3JAHUIO ATOTO KypHana. OueHb THIATEIBLHO COOUpaIu
KOMaHJly €IWHOMBIIUICHHUKOB, CHEHUAINCTOB BBICOKOIO YPOBHS B OTACIbHBIX
00JacTsAX HAYKU W TMPAKTUKH, COOTBETCTBYIOIIMX KaXXJ0l OykBe aOOpeBHATYpHI
Ha3BaHUS JKypHaja, JIOJIE HE TOJIbKO ABTOPUTETHBIX B CBOEM HAy4HO-IIPaK-
TUYECKOM apeajie, HO U CIOCOOHBIX BBIXOJUTH 32 PAMKH CBOUX OCHOBHBIX Ipodec-
CHOHAJIbHBIX UHTEPECOB, HE 3aKYKJIMBATHCA B TOM KOKOHE, MBICIUTh MEKIUCIIH-
IUIMHAPHO, MEXKOTpacyieBo. [la erie ObITh MOPSIOYHBIM YEJIOBEKOM, UMETH CBOIO
rPaXXJAHCKYIO U )KU3HEHHYIO TTO3UIHUIO.

Hanpasnenne HBMKC BO3HUKIIO B KOHIIE MPOIIJIOTO BEKa HA MUKE YCIIEXOB
HaHO-, UH(}O- U OMOTEXHOJOTHIN M YKPENUJIOCh B Hauaje 3Toro Beka B CeBepHOi
AMepuke, a 3aTeM MoJy4uso pa3sutue B EBpomne u B apyrux crtpaHax. B Poccun
OCO3HAHUE BAKHOCTHU 3TOT0 HAYYHO-TEXHOJOTUYECKOI0 KJIAaCTEPa TOJBKO B CAMOM
Havaje myTd. [Ipy 3ToM BO3HUKIIO ABA pa3HbIX MOAX0/1a K OLIEHKE 3HAYUMOCTH JIJIsi
OyIyIIero pa3BUTHs MUPOBOTO U 1 Poccum.

OpnHa rpyInna BAUSTEIbHBIX U OY€Hb AKTUBHBIX HAYYHO-TIOJIMTUYECKUX JIU-
JepoB (POKYCHPYET BHUMAHHE PYKOBOJUTENICH CTpaHbl Ha PUCKaX M OMACHOCTSX
HBUKC-texHonoruil uisi HallMOHAIBHOW 0€30MaCHOCTH TOCYIapcTBa (CUHTYIIAP-
HOCTh-HEMPEACKa3yeMOCTh B IITUPOKOM CMBICJIEC, TPAHCTYMaHU3M) U HEOOXOIUMO-
CTU I MPEOJIOJICHHUS] OTCTABaHUSI B 3TOM HAIIPaBJIICHUU COCPEIOTOYUTH OCHOB-
HYIO YaCTh TOCUHBECTUIIMH B OJTHOM HAYYHOM LICHTpE.

pyrue BecbMa aBTOpUTETHBIE yueHble PAH oTBepraroT 3T0 HarpaBlieHHE,
ornacasicb, YTO OHO MPETEHAYET Ha CIUSHUE BCEX HAYK M TEXHOJOTHMW B OJUH Me-
ranpoekT. OHU TaKke TOBOPAT, YTO FOTOBUTH CIELHAIHNCTOB IO HAIpPaBICHUIO
HBUKC ne mpencraBisieTcsi BOBMOKHBIM MPU COBPEMEHHOM Y3KOW crienuanu3a-
MU HAYKH.

Kakue TyT MOTYyT OBITH BO3paKeHUs?

CHadasna o noBOAYy ONAacEHHUs O CIUSHHUM BCEX HAYK M TEXHOJIOTUU U Mpak-
TUK B oJiuH MeranpoekT. Hu mupossie muaepsl HBUKC, Hu cama KU3Hb HE CTaBUT
BOMPOC O ciusiHuU. bojee Toro, pasroBop UAET O B3aUMHOM TI1yOOKOM MPOHUKHO-
BEHUU U B3aMMOBIUSHUHU, IPU KOTOPOM Kak/Iast 00JacTh 3HAHUN U MPAKTUK OyAeT
B 3TOM Yy4YaCTBOBaTh CO CBOMMHU OCOOCHHOCTSIMHU U WH(paACTpyKTypoil. Tak KOH-
BEPreHTHO pa3BUBaNach U (QYHKIIMOHUPYET KHUBas mpupoza. M, koneuHo, He cie-
nyet rotoBuTh cruernuanuctoB HBUKC Ha cnenmansabix kadenpax. Ho BKIIOUYHTH
B IIKOJIBHBIC W BY30BCKHE yueOHbIe TiaHbl ocHOBHI HBMKC-texHomornii Becbma
MOJIE3HO W aKTyaJIbHO. DTO MO3BOJIUT CPOPMUPOBATH y MIKOJIBHUKOB U CTYJACHTOB
LEJIOCTHYI0, KOHBEPIreHTHYIO MEXIUCUUIUIMHAPHYIO KapTuHy wMupa. [IpaBaa,
HA4YMHATH CIEIYET CO MKOJIBHBIX YUUTEIIEH U MPENOIaBaTeIe By30B.

Uto kacaetrcsi o00o3HaueHHbIX puckoB oT HBMKC nns HaumonanwHOU O€3-
OMAacHOCTH, BEpHEE, OTCTaBAaHMS B 3TOM HAIPaBJICHUHU, TO caMble OOJBIINE PUCKU
HOCSIT HE BHEUIHUM, a BHYTpeHHUM xapaktep. OHU, 3TU PUCKHU, BO3HUKAIOT OT 00-
1IEr0, CUCTEMHOI'0 OTCTaBAHUS OTEUYECTBEHHOM HAYKH, TEXHOJOTMA W JEHUHIY-
CTpUaIN3allU CTPAHBI.

Crpykrypa xypHana «HbBMKC-Hayxka.Texnonornn» npusBaHa BBITOIHATH
MHTETPUPYIONIYIO 3a/1a4y U OYJI€T COCTOSITh U3 CIEAYIOMHNX OJIOKOB:

12



- brok nmyOnukauuii no BceM cocrasisirominm HBMKC-texHonoruii Hay4Ho-
ro, TEXHOJIOTHYECKOr0 M HAyYHO-TEXHOJIOTMYECKOI0 XapakTepa C KEJIaTeJIbHBIM
BBIXOJIOM aBTOPA 3a MPEAEIIbl HAyYHO-0TPACIEBON HAIPABICHHOCTU C JEMOHCTpA-
L€ KOHBEPre€HTHOM CBA3U C IPYTMMHM HAayKaMHM M NPAKTUKaMU, BXOIAIIMMH B
HBUKC-kommuiekc, 1, Mo BO3MOXKHOCTH, Hax0XaeHus 3¢ (exra cCHHepruu.

- Biiok TexcToB 001IECTBEHHO 3HAUMMOTI'O XapaKTepa, CBSI3AHHbBIX C ACHCTBU-
em HBMKC-texHonoruii B HacTosiiiee Bpems U B OyayiiemM. 3To BOIPOCHl OPTaHu-
3allMM HayKH, OOpa3OBaHMsI, YIPABJICHHUS COLMAIBHBIMU M JIPYTUMH PHUCKAMH
HAIlMOHAJILHOI'O U MEKIYHAapOIHOI'0 Xapakrepa.

- UndopmanmonHslii 010K, B KOTOPOM COOOINAETCS O BHIXOJE B CBET KHHUT,
coo0mIaeTcss 0 MPOIIEAIUX U ITUIAHUPYEMbIX KOH(PEPEHIMSIX, CEeMUHApax, UHTe-
pecHbix nHHOBanusAX B chepe HBUKC-rexnonoruii.

Ha craguu craprana, B nepBbix HoMmepax xypHaia «HBUKC-HT» Oyaet
JIeNaThcsl ONopa Ha CTaThU BBICOKOKBaJIU(UIIMPOBAHHBIX aBTOPOB (uieHOB Pejco-
BETa) U NMPUBJIECYEHHBIX WieHaMu PesicoBeTa KBaTM(PUIUPOBAHHBIX CHEIIMATINCTOB.

B nanpneliem, ¢ yKperieHueM NO3UIMHN )KypHAJIA, Mbl HaJIEEMCSl Ha CTaTbU
IIMPOKOI0 Kpyra aBTOPOB Pa3HOTO BO3PAcTHOIO, reorpaduueckoro u npogeccuo-
HaJIbHOT'O CIeKTpa. MBI mocTapaiuch ceiaTh JU3aiH KypHaia dCTETUYECKHU IIp U-
BJIEKAaTEIbHBIM M APrOHOMHYECKH YIOOHBIM I MOJb30BaTENeH, KaK MOJIOABIX,
TaK U HE OYeHb. MBI C yOBOJILCTBUEM YUYTEM BCE 3aMEYaHUs U MOXKEJIAHUS YUTa-
TeJIel 10 yIy4LIeHUIO paboThl )KypHaia

I nasnwiti peoakmop I'epman Kpuuesckuii
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AnHoTanus: B cratbe paccmarpuBaeTcsi uctopus mnepporo drtama (2001-
2006) BO3HMKHOBEHMS U pacmpocTpaHeHus KoHuenuuu NBIC-texHomorndeckoi
xouBeprennuu: cnepsa B CILIA (2001), 3atem B EC (2003). OtnensHOe BHUMaHUE
ynensiercst mpoektHoMy xapaktepy NBIC kak ¢opcaiiTy, cBsi3biBaroiemMy nparma-
TUKY YaCTHOTO CEKTOpa, PEIIEHUS TOCYIapCTBEHHBIX CTPYKTYpP U HPUOPHUTETHI
HAy4YHO-HCCIIEIOBATENbCKUX pa3paboTok. JJemoncTpupyercs pons B NBIC Tpanc-
I'YMaHUCTUYECKOU TEMbl «TE€XHOJOTUYECKOTO YIYUIIEHHUS YeTOBEYECKUX CIIOCOO0-
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Abstract: History of the first period (2001-2006) of emergence and spread-
ing of the concept of NBIC Converging Technologies is observed in the given pa-
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per. Special attention is paid to projective feature of NBIC as a foresight being,
which helps to link pragmatics of private sector, decisions of governmental struc-
tures, and priorities of R&D in sciences with each other. Role of transhumanistic
topic of “Enhancement / Improving of Human Performances™ in NBIC project is
also demonstrated.

Keywords: NBIC convergence, foresight, transhumanism, history of NBIC

IIpeamOysa

NBIC-konBeprenuus TEXHONOTUH' — BHE 3aBHCUMOCTH OT IIPUPOABI BO3-
HUKHOBEHUSA €€ B MyOJUYHOM MOJIe — OJMH U3 CaAMbIX 3HAYUTEIBHBIX METraTPEHI0B
¢ Hayana XXI B., ¥ HaM, YUTATEISAM 3TUX CTPOK, €IIE MPEACTOUT YBUAETh €r0 pas3-
BUTHE B Mapy OIMKANIINX TECATUICTHH.

TepmuHoNIOrMYECKU aHANMU3 MOKa3biBaeT, uTo B Poccum abOpeBuarype
«NBIC» Tonbko-Tonpko ucnomHsercss 10 net (TeXHUYeCKH, MepBoe YyIOMUHAHUE
umeno Mecto B 20067, xoTs 6oiee mpusHanHoe — ¢ 2008 [22]). 3a 3TO BpeMst KOH-
BEPreHIns TeXHOJIOoTui ycrena Bo3HUKHYTh B CIIIA, mOKUHYTh UX TIpeesbl, Mo-
nacth B nosie 3penusi EC, moABEepruyThCsl TaM KOMILJIEKCHOMY aHAIU3y U BEPHYTh-
csa B CIIA (mocne ¢punancoBoro kpusuca 2008—2010rr) Ha HoBoM BuTKe. B Ta-
KUX 00CTOATENIbCTBAX HEBOJIBHO 3aAa€ibesi BonpocoM: «He omo3manu au Mbl, ec-
T COOBITUS YK€ JABMXKYTCS MOJHBIM X0A0M?» OTHIOAL — U MEPBBIN BBITYCK KYyP-
Hana «HBUKC HT» ycneBaer kak pa3 BOBpeMs.

B 2001 rony, B camoM Hauaie ¢opmupoBanus nmoBectku NBIC, kimtoueBbie
YYaCTHUKH (B3TJISIHUTE Ha paciu@poBKY aOOpeBHATYpPHI) COILIMCH BO MHEHUU,
yto N-B-1 MexaucuurinHapabie 00J1acTi yKe MPOU3BeIn mexuono2uu, a C, xo-
THUTHBHBIE, TIOKA OCTAIOTCS B OOJbIIIEH CTENEHU HAYYHBIMU M3bICKaHUAMH. CUTY-
arusa m3Menmiach B 2012/13 rogax: «BRAIN Initiative» npunsita Obamoit 2 ar-
pemst 2013°. Tomom panee (u Tosxe B anpene) Oummn Py6HH HHULUAPOBAI IPUHS-
tie xoHrpeccom «White House‘s Neuroscience Initiative»® — B To xe camoe Bpe-
Mms, koraa EBpocoros 3asBui o BeimeneHun 1,2 mupa. EBpo Ha «Human Brain
Project» [15]. CuoBa CIIA u EC, cHoBa moTpscaromasi CHHXpOHHOCTh! Kaxapii
U3 UTPOKOB aHOHCHUPOBAN S-NE€THUM (B CpelIHEM) IMEpUOj UHBECTULUN B COTHU
HAy4HO-UCCIIEIOBATENbCKUX MTPOEKTOB, C MPULIEJIOM Ha MOCTPOEHHUE: MOJIHBIX KapT

! NBIC-kouBeprenuus texuonoruii (N — Hanorexnonoruu, B — buotexsonoruu, 1 — MHdopMaIioHHbIe
texHonoru, C — KorHuTHBHBIE HAayKH; + aHII. convergence — CXOXICHHE B OJHOW TOYKE) — TEPMUH,
mpeptokeHHbIi B 2001 rogy Maiikiiom Poko n Yunmesamom berinopumkem, CIIA [6]. KorBeprenuus onm-
CBIBAaET METaTpeH 1 OMmKANIINX NeCATIICTHH, 3aKITIOYAFONIHICS BO B3aUMHOM BIIMSIHUH M B3aHUMOIIPOHH K-
HOBEHHH TEXHOJIOTH (B OCHOBHOM — 4X BBIZICTICHHBIX B aO0OpeBHaType 00JIacTeil), KOraa TPaHHIbl MEXKITY
OTACTHHBIMU TEXHOJIOTHSIMA CTHUPAIOTCS, & MHOTHE Pe3yIbTAaThl, HHTEPECHBIC C HAYYHON W MPUKIATHOMN
TOYCK 3PCHUS, BOZHUKAIOT IIPH MEKIUCITUILTHAPHON paboTe. B kauecTBe conpsnk€HHBIX 3@ dexToB NBIC-
KOHBEPTCHIINHN OKUAAIOTCS TaKKe TII00ANTBHBIE, YCKOPSIONMECsS N3MEHECHNUS, 3aTPAaruBaroIie COIMAaTbHO-
SKOHOMHYECKOE YCTPONCTBO COOOIIECTB U (POPMBI UEITOBEICCKOMN KU3HM.

2 Omnmnaita-Bepcus crathu: http://transhuman.ru/biblioteka/filosofiya-religiya/konvergentsiya-tekhnologi

3 http://www.whitehouse.gov/the-pressoffice/2013/04/02/fact-sheet-brain-initiative

* hitp://www.opencongress.org/bill/112-hr613/text
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HEepBHBIX CBs3eil GyHkumoHupyomero mMosra (CIIIA)’ u KOMIUIEKCHOH KOMITbIO-
TEPHOU CHUMYJISIIUM KOTHUTUBHBIX mnporeccoB uyenoBeka (EC). B teuenue storo
roJia 3asiBJICHHbIC CPOKH MOAXOSAT K KOHILY, TaK YTO — HET, Mbl HUYETO HE MPOMYy-
ctiin: HanpoTuB, NBIC-koHBepreHus: HAKOHEI-TO BXOJUT B CBOIO Haubosee uH-
TerpajibHy1o ¢azy!

A Ham XKypHall, TeMaTU4YeCKH nepBbld B Poccuu, npeiaraet miargopmy, C
KOTOPOI MPEKPacHO BUHBI I€TAJIU Pa3BOPAUYNBAIOIINXCS TAHOPAM.

He Oyner nmpeyBennueHueM cka3aTh, YTO COLMAIbHBIE CETU PACIpPOCTpaHe-
Hus koHienuuu NBIC-koHBepreHu B COBOKYMMHOCTH HACUUTHIBAIOT CBBIIIEC HE-
CKOJIBKMX ThICSIY areHTOB: ISl TOJIOTHA, CIOCOOHOTO 3areyvariieTh UX CO BCEel BO3-
MOKHOM aHaJUTUYECKOHN JeTalIbHOCThIO, HY)KHA OblIa OBl OTAeNbHas MOHOTpadus
— ecClId He cHenuanbHas cepus XPOHOJOTMYECKH BBICTPOEHHBIX MOHOTpaduil.
OMNBITHBIN 3HATOK JKYPHAJIBLHON PUTOPUKHU YK€ UYBCTBYET MPUOTUKEHUE JTUTOTHI:
pasyMeeTcsi, JaHHasl CTaThsi — 6ce2o Juwb KpaTkuit 0630p, “NBIC in brief” (unu
naxe “NBIC in a nutshell”), u 6pU10 OB OMIMOKON CUUTATh, YTO MPEACTABICHHAS
Ha e€ CTpaHUIIaX UCTOPHUS 3alOJHAET Bce COObITUIHBIE TaKyHbl. Ho Kyaa Oonbiieit
omnOKoM ObUTO OBl HAYMHATH C HYJS, Kak eciau 061 NBIC-koHBepreHus TeXHOI0-
ruii He uMena ucrtopur BoBce! HampoTwB, MMEHHO B HMCKIIOYUTENBHOU cCO-
BPEMEHHOCTH, MPUOIMKEHHOCTH K HACTOSIIIIEMY MOMEHTY, 3aKJII04aeTcs OJHO U3
JIOCTOMHCTB 3TOT0 Mpolecca — TeM 0osiee, YTO OH JI0 CUX IMOp MpojoixKaeTcs. Ml
MO3KEM IPEOJIONIETh ATAIl P00 U OMMOOK», TPOUJEHHBIN IPYTrUMH, eciiu pa3z0e-
péMcsl, KAKUMU MTyTSIMU KOHBEPIEHITUS 3asiBisia 0 cebe, MoOumu3ys jJabopaTopuu,
NIPaBUTEIbCTBEHHBIE JENaPTAMEHTHI, YACTHBIN CEKTOP.

Konb ckopo HaMepeHus: MPOSICHEHBI, ClIeayeT cKa3aTh 0 opMe UX BOILIO-
IMICHMs: JaHHAs CTaThs 3aJyMaHa B JABYX YacTsIX (C BO3MOXHBIM JOTOJHEHUEM),
nepBasi U3 KOTOPHIX OXBaThIBaeT BpeMeHHOU mpomexyTok 2001-2006 rr. 3a aToT
nepuoj B CIIIA ycnenu npoitu Bce 4 KIIOYEBbIE BCTPEUYU MEPBOM BOJHBI KOHCO-
mupanuu ctopoHHUKOB NBIC-konBepreniuu, a BujaeHue Oyaymiero, chopmynn-
POBAaHHOE B HEW, YK€ MEPECEKIIO IpaHullbl ATIAHTUKH, NpHUBJIeKiI0 BHUMaHue EC
Y TOJYYWIO MEPBUYHYIO OLUECHKY 3KCIEPTHOM TPYIIION BBICOKOrO YpOBHs. Jlanb-
HEHWIIne ucclieJoBaHNue, MPOBOJMMOE HECKOJIBKUMU KOJUIeKTUBamMu yu€HbiX B EC B
2007-20009 rr., paBHO Kak u «Bo3poxkaeHue» NBIC B CILIA B 2011-2013 rr., kak u
pacrpocTpaHeHue 3Toi KoHuenuuu Ha tepputopun Poccun B 2008-2016 rr., no-
Jyyam oceeujeHue 6 cmamoe #2 8 ciedyroujem Homepe HCypHad.

W, nakoHel, o crmoco0e moaumu.

Pazymeercs, Hy)kHa uctopuorpadusi: 6a3oBass XpOHOJIOTHS COOBITHH, JaH-
Hasi ydacTHuKaMu. Mctopuorpadus OyaeT mpeamecTBoBaTh KaxaoMy u3 OJOKOB
BHYTPHU CTaTbU, HO, IO HEOOXOJAUMOCTH, B JJOBOJIBHO KOMIIAKTHOM BHUJI€ — CTPOTO
TOBOPS, €CJIM B3TJISIHYTh HA HCTOpHOTpadUYeCKUi TEKCT KaK Ha ammapar, moao0-
HBI CKAaHMPYIOLIEMY TYHHEJIBHOMY MUKPOCKOIY, OH HMEET CBOIO Pa3pelIatonlyt0
crocoOHOCTh. MIHBIMU cTIOBaMHM, €CTh CIieJbl, BCETJa YCKOIb3aIoUINe OT MyOJIny-
HBIX OTYETOB (MJIU JaXe CIEeHHAIbHO 3aTUPAEMbIEe UMM ): JIETAJIU PACIIPOCTPAHEHUSI

5
Bxirrouas MCTOAbI U3YUCHUSA HanOoIee TPYAHOAOCTYITHOI'O Arala3oHa: OT HECKOJIbKUX ThICAY 10 HE-
CKOJIBKMX MUJIJIMOHOB HeﬁpOHOB.
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NBIC-koHBepreHuum, TporoBOpeHHble B Kyjyapax KOH(QEpeHIM WM 3aredart-
n€uHble BO BHyTpeHHeM ngokymeHTtoobopote CIIIA / EC, Tak u ocTaroTcst B 3TUX
JIOKAJBHBIX CETIX 0 TE€X IOpP, MOKA HE MPOBEAECHBI TONOJIHUTENBHBIE PECYPCOEM-
KM€ uccaenaoBaHus. TeM He MeHee, MacIITaOHOCTh MPOLECCOB, MOMMEHOBAHHBIX
ab6pesuatypoit NBIC u npunucaHHbIX K HEH, TaKOBa, YTO Ja)xe MyOJUYHO BUIU-
MBII CJIOW 3amucei Ja€T KOPPEKTHYIO penpe3eHTanuto. FIMeHHo e€ s npemiararo
pPaCIIMPUTh — IPUUYEM PACIIUPUTH ABOMHBIM 00pa30M.

NBIC-koHBepreHniiusi Bo3Hecaach K OBITHIO Ha KPBUIbSX JBYIJIABOTO OpIia,
OJlHA W3 TOJIOB KOTOPOTO TOBOPUT TOJOCOM M.Poxo® (rnasbl cyOKOMHUTETa TO
HAHOTEXHOJIOTUSAM, YUYEHOTO paHee, aBropa NNI n MeHemkepa OT HayKH, IPHU3bI-
BAIOIIETO KPYIMHBIA BBICOKOTEXHOJOTHYHBIM OM3HEC K MEXKOTPacIeBON WHTErpa-
uun), a apyras — romocom C.BeifHOprmKa’ (COMOIOra PeTUrHd U CTOPOHHHKA
TpaHCTyYMaHU3Ma, MyOIMYHO 3asBISIOIETO O BAXKHOCTU TEJIECHOTO U KOTHUTHU BHO-
ro yJIydYllIeHHs 4YeJoBedecTBa TeXHoJorudecku [2]). Takoe coueTaHue MOXKET MO-
Ka3aThCs MapaJioKCAIbHBIM, HO, HA MOM B3TJIsAJ, CUMOMO3 MpParMaTMKd U BU3UO-
HEPCTBA CTajJl OJAHOW M3 MPUYMH, NTOYEMY HAES KOHBEPIreHLIMU PACIPOCTPAHUIIACH
CTOJIb IIMPOKO: KOTJa CKENTUKH MOJIBEprajil COMHEHHUIO «OectionHy0 GyTyposio-
TUIO», UM TIpeabsBisiiin rpanThl Ha NBIC-pa3paboTku U TOTOKM MHBECTHIUN — a,
KOT'J1a KOHBEPIeHIIMSI KPUTHUKOBATACh KAK «OOBIYHBINA OM3HEC-TIPOEKT», HAa Ty pHU-
TOPUKY OTBEYAJIM MaccaxaMu o HOBoM Peneccance Hayk, poinu NBIC qist uuBunu-
3allMM U paJuKaIbHOM M3MEHEeHHH denoBeka. M xoTs — 3aberas Brepén, — rpyrra
skcneptoB U3 EC mpuCTynuT K AEKOMIIO3WLIMHA KOHBEPreHIIMU, MEJIEHHO 3aTall-
JUBasi OMMCAHHYIO0 aMOMBAJIEHTHOCTD CIEACTBUSIMHU, Pa3BUBAEMBIMU M3 €€ )K€ J10-
NYyIIEHUH, Uil pacliupeHus] ucTopuorpaduu 3Ta JBYXTOJIOCUIIA MOJIXOIUT Ipe-
KpacHo. /[Be nMuHUM, ABa MOTHBA: B KakuX cBA3siX NBIC-koHBepreHuus Bomioma-
Jach Ha MPAKTUKE — U KaK MEHSUJICS 00pa3 CBSI3U «UEIIOBEK-TEXHOJIOTHS» BHYTPU
neé®. A, nockoiabky NBIC M0XXHO C BBICOKOI CTENEHBIO YBEPEHHOCTHU HA3bIBATh
TEXHOJOTUYECKUM (HOpPCalTOM, MBI 3HAEM, K KOMY 0OpaIieHbl rojoca, COBETaMU U
PEKOMEHJAIMSMU B3BIBAIOIIUE C COTEH CTPAHMII: T0OJIOCA ITH OOpAIEHbI K CTEHK-
xonaepaM B CIIIA u EC — paznuuus Mexay KOTOPBIMH TakKe OyayT MOAUEPKHY-
THI.

2001-2006, CILIA. Hcmopuozpagus:

BriepBpie  «KOHBepreHmus TeXHOJOTHsS» oOperaer cBsizb ¢ NBIC-
TETpadpoM B HazBanuu cumnoznyma — “Converging Technologies for Improving
Human  Performances:  Nanotechonology, Biotechonology, Information
Techonology and Cognitive Science”, opraHn3oBaHHOTO BceMUpHBIM IIEHTPOM
onenku texHonoruii (WTEC) 3- 4 nexabps B 2001 roay mo 3aka3y HarmmonanbHO-
ro HayyHoro gonaa CIIA (NSF) — c nmocieayrouyum MiaHEPHBIM COBEIIAHUEM U
yrouneHuem nosuumi 11 masg 2001 roga. B cumno3nyme yyacTBOBajgu BBICOKOMIO-

® https://www.nsf.gov/mobile/staff/staff bio.jsp?lan=mroco&org=NSF&from org=

7 hitps://ieet.org/index.php/IEET2/bio/bainbridge

8 Xors OTMeuy cpa3y: B JaHHOU CTaThe TPAHCTYMAHHUCTHUCCKUH aCTIeKT OyIeT 3aTPOHYT B MCHBIIIEH CTe-
[IEHU.
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CTaBJICHHBIE MPEJICTABUTEIN TOCYJapCTBEHHBIX JI€MApTaMEHTOB U HAIMOHATBHBIX
naboparopuii (32 yen.), akageMuuecko Hayku (28 4en.), a TaK)Ke YaCTHOTO CEK-
topa (19 uen.) [6; Appendix A]. Camum (akToM CBOETr0 NPOBEIECHUS MEPOIPUSITHE
OBLIO 00513aHO YK€ YHOMSIHYTBIM «1mpomoyTtepam» NBIC-koHBepreHuuu — npea-
craButesiMm WTEC Maiikny Poko u Yunbsimy Cumcy beliHOpuIKy.

PazBuBas BbIBOABI cummiosuyma, B 2003 roay B CeBepo-3anaiHoM yHUBED-
cutete B Mnnunoiice nponuia paboyas BCTpeua, OpUEHTHPOBaHHAs Ha peanu3a-
o kommepueckoro mnoteHuuana NBIC-texnonoruii “Commercializing and
Managing the Converging new Technologies™, cobpaBmas npudiauzureiasHo 90
y4acTHUKOB. B ux uucne — npodeccopcko-npenogaBaTeIbCKuil COCTaB U yUEHbIE
HaAIMOHAJBHBIX JJabopatopuii (14 HayyHBIX YUPEKICHHI), MPECTABUTENH MPABU-
TeIbCTBEHHBIX areHTCTB (6 denepanpubix: NASA, NSF, OSTP, DoC, DoE,
Sandia), ceKTOpPOB IOPUIMYECKOTO M BEHUYPHOrO KamuTaja, a Takxke OusHec-
MEHEJKEphI, MpUTJaiéHHble U3 OOJIBIINX, CPEIHUX W MaJIbIX opraHu3anuii (33
MPOMBIIIJICHHBIX MPEANPUATHS, cuuTas chepy oOCHyKUBaHHUS M OOBECIUHECHUS)
[10: Appendix 3, pp.369-371]

B nocnenytomue roasl Bctpeun, oprannzosanHsie WTEC, nmpoxoaunu B:

o 2003 — Jloc-Anmxkenec [4],
e 2004 — Hero-Hopx [10],
e 2005 —TI'aBaitu [13].

Bropas nonosuna 2000-x ormeueHa nay3oit B pabore WTEC-rpynibl, cBsi-
3aHHOW KaK ¢ MPOOHBIM MEPHOJOM peaan3aluy TUIAHOB MPEABIYIIUX BCTPEY, TaKk
u ¢ MupoBeiM puHaHCOBBIM Kpuszucom 2008-2010 rr.

Hauném ¢ mpoctoro Bomnpoca: nouemy umeHHo NBIC? Uto nenmaetr naHnHyto
KOMOMHAIMIO o0nacTeil mnpeAnoyTuTeNnbHoU? OTCyTCTBUE albTEpPHATHB, CO-
CTSI3aBIIUXCS OBl ¢ HEH 32 «KU3HEHHOE MPOCTPAHCTBO». Brpouem, OTCyTCTBHE Ha
TEKYIIM MOMEHT OTHIOJb HE O3HAYaeT OTCYTCTBHSI MPEIIICCTBYIOMIETO BHIOOpA.
HampotuB, UMEHHO TO, 4TO OH OBbLI C/ENIaH, MO3BOJISIET CKPBITh BCE OTBEPIHYTHIE,
CJIOBHO MX HHUKOTaa He 0but0. «Y mpoekta NBIC-koHBepreHmuu ObUTA U aJIbTep-
HatuBHble BapuanThl: GNR (Genetics, Nanotechnology, Robotics), GRIN (GNR +
Information), GRAIN (GNR + Artificial Intelligence), BANG (Bits, Atoms,
Neurons, Genes) u 1ip. UToroBbIil BBIOOp, OUYEBUIHO, TPOJUKTOBAH HAMOOJIEE MIH-
POKOM 00JIACTHIO MCCIEAOBAaHHM M pa3pabOTOK, B paMKaX KOTOPOW BO3MOXKHO
OCYIIECTBJIICHHE MPAKTUYECKU JIFOOBIX KAMHUTATIOEMKHUX HCCIEI0BATEIBCKUX TPO-
ekToB» [23; ¢.57] Ctout ormeTuTh cBsizb NBIC ¢ Bapuantom BANG: butsl, ATo-
Mbl, HelipoHbl 1 ['eéHBl — HE 4TO MHOE, KaK «TETpa’Aap PEeAyKUHU» KaxIOou W3
NBIC-o6macTeit 10 ux 0a30BbIX 00BEKTOB. JTa ab0OpeBHAaTypa HACTOJBKO OJIHO-
3HAYHO NyOJMPYET KOHBEPTUPYIOIINE TEXHOJIOTHUECKHUE MO, 9TO (GUTYPUPYET B
nenoM psiae NBIC-tekctoB [6: pp. 75, 82, 113; 11: p.48; 1: p.2; 18: ¢.18] — 6onee
Toro, MeHHO BANG cTanm 00beKkToM rpaxkaanckoil kputuku [7]. He meHee unTe-
pEeCceH MpUMep NapagurMaibHOrO Tpancrymanncrta P.Kypuseina, B Ubeii KHATE O
HacTyrieHun TexHonornuecko! CHHTYISIPHOCTH KOHBEPIEHIIMS YIIOMUHAETCA B
Bepcurn GNR [9: Ch.5]. Bnopouem, ciaydan nogoOHOro 3ama3fblBaHUS PEIKH:
«BpeMsi BbIOOpa ab0OpeBuaTyp» MpPOLLIO, €r0 Cliebl HEIPUMETHbI, 3aHECEHbI TEK-
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CTaMHU, HE UMEIOT COOCTBEHHBIX T0JI0cOB. Komy ke 00s13aHbl OHU BO3HUKHOBEHHEM
u cenekuueit? Tomy, KTO coOupaer LEHTp, ABUTASACH MO NepudepusM: pedb O
Maiikiie Poko u ero xomasze.

«Ha mnepemHuii Kpaid npomaraHibl HAaHOTEXHOJOTMH BBIIBUHYJIOCH IPO-
MBIIIEHHOE J1000M, a Ha cMeHy O. Jlpekcnepy npuiien M. Poko. Ero BeiaBmke-
HUIO criocoO0cTBoBaM nupekTop HanmonansHoro donaa Hayku (NSF) H. Jleitn u
0co0eHHO coBeTHUK mpe3uaeHTa b. KnuHToHa mo skoHomMuueckuM Bompocam T.
Kanun. menno ¢ nomounpsto nocneaHero M. Poko cobpan pabouyro rpyriy, Ko-
Topas k 1999 r. noarorosuna npoekt HannoHanbHONM HAHOTEXHOJIOTUYECKOW UHU-
rmatuBbl (NNI), riae HaHOTEXHOJIOTUM TPAKTOBAIUCH KaK CTPATETUUYECKH Ba)KHBIE,
KaueCTBEHHO HOBBIC CIOCOOBI MUHMATIOpU3AIUH, OJIM3KUE K HAHOMETPUUECKOMY
JMara3oHy udMepeHus. ... Tspkenas 6one3ns P. Cmomu ¢ 2003 r. BHOBB BhIBEJIa B
neHTp Jjo0O0upoBanuss M. Poxo, BbeicTynuBimiero c¢ HoBod wuaeeir NBIC-
KOHBEpIreHIINH, elie 0ojiee pa3MbIBIICH KIIFOUEBON TEPMUH — HAHOTEXHOJOTHM
[23; ¢.56]. C camoro cBoero Bo3HukHOBeHUs1 NBIC onmpaercs Ha «11€J10CTHOE BU-
JIEHWE TIPUPOJIbI HA HAaHOYPOBHE» [6; pp. 1X, 1] Kak Ha CBOEro poja «3I0POBYIO
dbopmy penykimoHu3Ma: 6osiee Toro, u 3apyoexusie [14; 8; 1], u oreuecTBeHHbIE
uccinenosanusa [17; 21] HeogHokpaTHO  momu€pkuBanud, uto NBIC-
TEXHOJIOTUYECKasi KOoHBepreHuus GpyHaupoBaHa HaHoTexHoorusamMu: N—BIC.

UtoObI yOEIUTHCS B 9TOM, JIOCTATOYHO O3HAKOMUTHCS C UCXOJHBIM COOPHH-
koM Poko u coaBTOpOB, nmoaroroBuBIInM nouBy st NNI [12] — B wacTHOCTH, d()-
(GeKT OCHMIUIAIMKU MEXAY BHU3MOHEPCKHUM MAacIITaOOM M KOHKPETHBIMH IlIaraMu
peanu3anuu NpUCyTCTByeT yxke TaM. Mcxost U3 TOTUKH Pa3BUTHA TOJIOOHBIX MIPO-
€KTOB, HAUMHAET Ka3aThCs MO-CBOEMY €CTECTBEHHBIM M OkujaeMmbiM, yTo NBIC-
KOHBEPTEHIIHS «IPEX]Ie BCEro, aMOUIIMO3HBIM METarpoOeKT MEKOTPacIeBON UHTe-
rpaluyd KPYIHOTO, HaYKOEMKOT'0, BBICOKOTEXHOJOTUYHOTO OM3HEca, a HUKAK He
«OOBEKTUBHBIN» TMPOIECC MHTETPAIMM M CUHEPTHUH €CTECTBEHHBIX HAHOHAYK.
[oHa] HameneHa Ha JIOOOMpPOBAHUE ... YBEJIMUCHUs OFOKETHBIX PACX0JI0B Ha IIH-
POKHI CIIEKTp HCCIeTOBaHUM B c(pepe BBHICOKMX TEXHOJOTHH U UX 3(deKTuBHOE
«ocBoeHue» [23; ¢.57]. OnHako, Ha MOUM B3IJIsJ, BCELEJIO MPUIECPKUBATHCS IO-
TOOHOW TOYKM 3pEeHHs O3Hadajgo OBl COrjamarbCcsi Ha JUXOTOMUIO MEXKIY
«HaWJIEHHBIM/CICTTAHHBIMY», €CTECTBEHHBIM/UCKYCCTBEHHBIM — JTIUXOTOMUIO, CTpe-
MUTEJBHO YCTapEeBAIONIYI0, KOTJa PeUb KacaeTcsl TEXHOJIOTHIECKUX OpCanTOB.

BepuéMcs Kk HAHOTEXHOJOTHUSAM, YTOOBI BBICBETHUTH IMPOTHUBOIIOIOXKHBIN TO-
JI0C — HAYYHYIO0 OOBEKTHBHOCTD / TEXHOJOTHYECKYI0 HEN30eKHOCTh. Jla, 1eHCTBH-
TEJIbHO, HAy4YHasl KapTUHA MHpa HAacTauBaeT Ha (yHAAMEHTAJIbHOCTH aTOMapHO-
MOJIEKYJISIPHOTO YPOBHS Kak 0a30BOro JJisl MAaHUITYJIUPOBAHUS B MPOU3BOJICTBEH-
HBIX Tporeccax. JlIormgHo Toraa, 4To, Kak Obl HE Pa3BUBAIUCH TEXHOJIOTHUU 00pa-
OO0TKH MaTepuu, paHO WM MO3THO OHH MPHUAYT K HAHOMETPOBOMY Juamna3oHy. Bot
TOJIbKO B YCJIOBHSIX PEaIbHBIX JIaDOpaTOpUil HAHOPEAYKIIMOHU3M — 3TO OOBEKTH-
BUCTCKasi 0edyKyusi U3 UCIOJb3YEMbIX TEOPHl, HEKENN MOJHOLUEHHO OCBOEHHBIN
MPAKTUKON MHCTPYMEHTapHil (Kak 3TO OOBIYHO ObIBAa€T ¢ OOBEKTAMU TEXHOHAYK,
r7ie TEXHOJOTHUU Cpa3y TEOPETUUYECKH HATPYKEHBI, a TEOPETUUYECKHE OOBEKTHI 0e3
TexHoJIorui HeHaOmtonaemsl [19]). B wactHOcTH, U3 KOHGIUKTA 2X 3TUX OYEBU/I-
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Hocted B Havasie 2000x BoIpacTatoT AedaThl Jpekciepa-CMOmIM 0 BO3MOKHOCTH
co3nanusi HaHoaccemOsiepoB [3]. B cayusae NBIC mponenanHoe paccyxaeHue
o3HavaeT, uTo BANG-TeTpasap peaykunii — 3Ha4NTENIbHBIA, HO HUKAaK HE UCKIIO-
YUTENBHBI KOMIIOHEHT, HE NPUYMHA KOHBEPIEHIMU TEXHOJOTWM. OIHAKO CKa-
3aTh, YTO NBIC-KOHBEPreHus — BCELEIO COLUUATBHO-TIOJIUTUYECKUA KOHCTPYKT,
O3Ha4yasi0 Obl MOMAcTh B JIOBYUIKY MpPsSMO MpOTHBOMNOJ0xHOro kiuie! «Hatypa-
aucTHYecKoe» U «iroboucrckoe» npouteHus NBIC mpoueccyanibHO CUMMETpHUY-
HbI: «00BbeKTHOCTH» NBIC-TeXHOMOTHI — CONPOTUBISAIOMINICI MaTepuai, HE J10-
NYCKAIOLUH TPAKTOBKM KOHBEPreHLMH KaK BCELENO MPOU3BOJBHOM (Z1aXke Mo ce-
TOJIHSAILIHEMY YUCIY MEepecedyeHuil), HO Aa)ke MPU 3TOM MX HEJOCTATOYHO JIsl BO-
miomenus: camux ceds B 3asiBieHHOoM WTEC o0wéme. Jlo6OupoBanue xe, moapa-
3yMEBAIOIIIEE «CAMOUCIIOIHAOUIMICS CLEHAPHUl», — HE XapaKTEPUCTHUKA KOHBEP-
TEHIUH, HO OJIHA U3 MPOLECCYaIbHbIX KOMIIOHEHT, BXOAAUIsAS B €€ cocTaB. bornee
TOTO, BOIPOC BEJb HE B YUCTO TEXHOJIOTMYECKOM TPEHAE — @ B TOM, KAKUM CTEHUK-
XOJI/Iepbl XOTAT BUAETH Oyayliee, BOIJIOMIAIOIIEECs 110 MEPE pean3aluu TPEHa.
NupiMu cioBamu, NBIC-koHBepreHIus u ciyuumes cama 1o cede, u Hem: CIy4uT-
Csl — MIOTOMY YTO Ha 3TO YKa3bIBAlOT CLIMEHTOMETpUYECKHE UHAUKATOpPHI [11], ipo-
THO3BI 3KCIIepTHBIX coodmecTB [1: Appendix A; 20: ¢.177] u nmpoune aKTopsbl, KO-
TOPBIM MPEANUCHIBACTCS 0€CCTPACTHOCTD; HET — MOTOMY YTO, OECKOHTPOIBHO U
CBOMM 4YepeI0OM, KOHBEPIeHIIUS MPeICTaHeT «(ppakTaabHbIM koM [lanmopsr»,
Xa0TUYHO BBIOPACHIBAIOIINM COJIEPKHUMOE (B BHJI€ HOBBIX SIIIMKOB) B BO BCE CTO-
ponbl. [Topoxkas mpo6iieMbl Ha KaKOM IIary, oHa OyJeT HempeacKka3yeMo orac-
Ha M3-32 YMHOXAIOIIETOCs YUCiIa TEXHOJOTHYECKUX B3aMMOYCHIICHHH, BBITUIECKU-
BAIOIIMXCSl HAa PBIHOK — modTomy aaxe B Bepcuu CIIIA k dopcaiity macmrabHO
npuBiieyeHo TpaBUTeNbcTBO: NBIC-006pa3 Oyaymiero mpojaBUrairoT 2 BBICOKOIIO-
craBieHHbIX npeacraButenss NSF, neiictByromux npu nocpennnduectse WTEC-
nentpa. llocnegHuii, KCTaTH, HE TOJIBKO CBHUJIETEIBCTBYET O ceOe KaK MOIIHOM
AHAJIUTUYECKOM LEHTPE (C OpUEHTAIMEN Ha BHYTPEHHIOIO BBICOKOIIOCTABICHHYIO
xiuentypy CIIA)’, HO M, cO CBOero BO3HHKHOBEHHS B 1988T., Ha MPOTSIKEHUH
6onee 70 oru€ToB oTTaumBan (opMar MOJAYM MATEpUAJIOB, aNANTUPYS €ro s
IIEJIEBBIX ayAUTOPUNA — PaBHO KaK M PaCHIMpsI CBOIO BKIIOUEHHOCTH B Hedop-
MAJIbHBIE CETH MPUHSATHS TOCYAAPCTBEHHBIX PEIICHHIT .

[Ipu sTom 3amerum, 4To (hOpcalT-Tpymna ¢ LEHTPOM B JIULE JBYJIUKOIO
beitnOpumka-Poko B TeueHre EepBOTo ATana NO3UIIMOHNPOBaAJa TOCYIapCTBEHHbBIE
ctpyktypsl CIIIA ckopee Kak «OMOpPHBIE TOUKW» ISl MOCIEAYIOIIErO0 HACHIILICHHS
NBIC-texHOnI0TUSIMU HAYKOEMKHUX PBIHKOB — & TaKX€ KaK HEOOXOJIHUMbIE B 3TOU
CBSI3M «YCTPOWCTBA KaHAIM3ALMW» ISl YAEPKAHUS CKIIAIBIBAIOIIUXCS PBIHKOB OT
pPUCKOB camopa3pylieHus. /laHHbIIl BBIBOJ OCHOBBIBAETCS Ha crocofax peanu3a-
nuu rpynnoit Poko NNI, mupoxkoii npeacraBienHoctu cpeau yuactTHukoB WTEC-
CHUMIIO3MYMOB BBICOKOTEXHOJIOTUYHBIX CEKTOPOB IKOHOMHUKH, OAHKOBCKOM cepsl
M BEHYYPHBIX (DOHIOB.

’ Muccus WTEC — HH(pOpPMHPOBATh YUEHBIX, HHKEHEPOB H BHICOKONOCTABJIEHHEIX TonuTukoB CIIIA o
TJI00aJIBHBIX TPEHIAX B HAYKE M TEXHUKE.

' Cnenyer yrounuts, uto cam Poko B KauecTBe aJMHHHCTPATOPA MPOMIEN YHHKAIBHYIO TPAEKTOPHIO, HO
ripu 3ToM He BeicTpanBas WTEC 3aHOBO, a HCIIOJIB30Bal MHOTOE U3 Y)KE€ CIOKUBIIEHCS Pa3METKH.
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[IpennokeHHOE MOHMMaHUE JOBOJIBHO XOPOILIO KOPPENUPYET ¢ MaTepHuaia-
MU CUMIIO3UYMOB. Tak, omy0JIMKOBaHHBIE PE3yJabTaThl 1TO U3 HUX, MPOIIEIIIETO B
2001, kpaiine HeogHopoAHkI [6] — B HEM NBIC 3aneuatnén kak macmTaOHBIN (Kak
MUHUMYM MO KOJIMYECTBY COOpPAaHHBIX BOEAUHO CUJ!), HO JIOBOJIBHO CBIPOM IpO-
eKT. Mbl MOXEM BBIJICIIUTh OTJEIbHbIE PEKOMEHIAINH, XOTS UX Jal0T HE BCE aB-
TOPBI, PABHO KaK 3a4acTylO HESICHBI M aJpecaTbl HEMHOT'MX JIaHHbIX. Paznenenue B
KaXJIOM 13 6 OJIOKOB MaTepHUaJIOB Ha 2 KaTErOPUHU, «yTBEPKACHUS» U «BUIACHUSY,
HEJOCTATOYHO XOPOIIO MPOINHCAHO — MHOTHE YTBEPKACHUS CMELIMBAIOTCA C BHU-
JIEHUSIMU, WK SABJISAIOTCA emé Oosee BU3MOHEPCKUMU! YacTh yTBEPKIEHUN OIH-
ChIBa€T CEroJIHAIIHION cuTyauuio B chepe NBIC-texHonoruii, oHu aapecoBaHbl
BCEM y4YaCTHUKAM (4TOOBI OBLJIO MPEACTABICHUE, YTO C YEM U KaK KOHBEPTHPYET).
Busuonepckue nepcrnekTHBbl B OOJbIIEH YacTH aapecoBaHbl OU3HECY — YTOOBI
JajdbHENIINe HaMpaBJICHUS Pa3BUTHS U PHIHKU OBUITM aHOHCHUPOBAHBI C CaMOTO
Havana. Bapuantel TexHoMoaupUKaUMU yegoBeKa, Oylb TO B COCTaBE BOEHHO-
CTpaTEruH4eCKUX MIAHOB WJIM MOBBIIIEHUS] 00pa30BaTEIbHBIX CIIOCOOHOCTENH UHIU-
BUJIOB, B I1€JIOM OJ0OPHUTEIbHBI, UX CIICJICTBUS COIMATBLHO U IKOHOMUYECKHU TPHU-
OBUTBHBI. |- CUMIIO3UYM MPOJABUTAET ONTUMHUCTHUHYIO KapTuHy NBIC-Oyaymiero.

ITo pesynbratam BcTpeun B Mnuuorice B 2003 ycuimBaeTCs OpUEHTAIUsI Ha
Ou3Hec (COOCTBEHHO, 3TO — ocHOBHas moBectka) [10: Appendix 3]. bonee Toro:
03BYYEH MHTEpec K co3nannio Accoumannu Konseprupytomux TexHosioruii, Ko-
MaHJ[ M0 MOATOTOBKE «JIOPOKHBIX KapT», MPOBEICHUIO HOBBIX pabOuYMX BCTpEH.
[IpucyTcTBYET OLIyIIEHUE, UTO MaTEPHUAI ISl Y4ACTHUKOB JOBOJIBHO CBEXHI, O-
ATOMY B YHUCJE 3alpOCOB NMPUOPUTETEH «UHCTPYMEHTAPUN OTCIEKUBAHUS TPEH-
JI0B, aJIeKBAaTHBIN TpolieccaM KoHBepreHiumu». Cpenu 1eneit ommkaiiero Oymy-
mero GUrypupyroT MOBBIIICHUE KOOPIAUHAIIMA MEXIY 3aMHTEPECOBABIIUMUCS UT-
poKaMH (B T.4. IOMCK MOCPEAHUKOB JIJI1 BOBJICUCHHS B WAYIIUE HNPOEKTHI U MEpe-
TOBOPOB MEXY y4aCTHMKAMU PbIHKA), KaK U POCT YHUCia KoJutabopalruii 6u3Hec-
IIPOEKTOB C HAYKOW.

Jlums Matepuanbl BcTpeun, coctosBiieiics B 2004, naroT Ha OpsIOK Ooliee
cOanancupoBanHyto kaptuny [10]. COopHUK OTKpBIBaeT OJIOK U3 4-X cTaTel — op-
raHU3al[MOHHO-3KOHOMUYECKHE COBETHl MO YIPABJICHUIO KOHBEPreHIHeH (cMm.
Ha3BaHHE COOPHUKA, OHO TOBOPUT CaMo 3a ce0s), a TAKKE OTBET YACTHOMY CEKTO-
py 1o noBoay «kputepueB pazmetrkn» NBIC, meTpuku, cnoco60B mpociaeKuBaHUs
tpernoB. Emé 3 crathu — 6510k BBI30BOB («Ip0bIIeM mepeBoay MEeXIy CyOaucIin-
mwiMHaMu Wi pacupoctpanenreM NBIC B pa3BUBaOImMXCs CTpaHax), a 3TO yXKe
MOIIIHO CYUTATh KOHKPETHBIMU W BIIOJHE OMPEACIEHHBIMHU MPOOIeMaMU, BO3HU-
KaIOIIMMU TOJIBKO Yy MPOEKTOB, MpOUIEAIIMMU HadaibHble (a3pl. OQHAKO O 3peso-
ctu NBIC-kouBepreniuun kak pedaekcuBHOr0 (Qopcaiita CBUACTEIBCTBYIOT
octaBmuecs 11 crateli — B HUX BO3pOCIO BHUMAaHUE BU3MOHEPCTBY C YKIIOHOM B
aHAJIHN3 COIMATBHBIX PUCKOB: TO, YETO OBLIO JIOBOJIBHO MAJIO IO UTOTaM CHMIIO3H-
yma 2001 rona u npaktudecku He 010 B 2003 roz[yll. YeTplpe U3 HUX KaCarOTCs
ATUYECKUX BOMPOCOB U3MEHEHHUS MO3ra M KOTHUTUBHBIX TEXHOJOTHI TMepecTpau-

11 .
3aberas BIICPCA — MAaTCpUaJIbl 3TOIO C60pHI/IKa ObLIN NOATOTOBJICHHI YK€ MTOCIIC JOKIaJa HOpHMaHa nus3
EC, T.C. OPpraHn3aTOpPbl OLICHUIIN H€O6XO,Z[I/IMOCTB Y4€CTb MHCHU eBpOHeI}’ICKHX KOJIJICT (CM. naﬂee).
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BaHUsI CYOBEKTOB (00JIACTh T.H. KHEUPOTIOJIUTUKUY» U €€ MEePCIEKTUBHI), TpU OOHA-
PYKUBAIOT HeoXHAaHHble nepecedeHuss [T-cepsl ¢ counanbHbBIMU / KOTHUTHUB-
HBIMHM HayKaMH, U 3aKJIIOYUTEIbHbIE YETHIPE MOCBSILIEHBI COMATbHBIM, IOPUANYE-
CKHUM U 3TUYECKUM MOCIIECTBUSIM KOHBEPIr€HIIMHU TEXHOJIOT UHA.

Cronb BO3pOCIIMHN aXKHOTAXK BOKPYT «HEUPOMOJUTUKH» MOXKET MOKa3aThCs
CTPaHHBIM: pa3B€ MOIJIM ObITh HEOUEBHUIHBI HEOJHO3HAYHBIE TTOCIIECTBUS OYpHO-
ro pa3BUTHUsl HeHpoHayK (B cBsizke ¢ npyrumu texHojorusmu NBIC) emé na cum-
nosuyme 2001 roma, rae HeNbIX TPU COOOUIEHUS TOCBSIIEHBI MO3T-
KOMIIBIOTEPHBIM HelpounTepdericam? Ha mMoii B3I, OTBET 3aK/IIOYAETCS B TOM,
YTO TEXHOMOJU(DUKALUSA JIIO/IeH, TOHATAs] B CUWIBHOM CMBICIIE, MOXKET OBITh HE ca-
MOUM TpHBIIEKATENBHONW MEPCIEKTUBON AJIsi MHBECTULMN (HAMPOTHB, OHA CKOpEe
03a7]a4MBaeT) — a, B Cllyyae TOCyAapCTBEHHBIX alapaToB, J1a)ke 3a0CTPATh BOMPO-
Chl O MEPEoNnpe/IeICHUU MPUHIIUIIOB OPTraHU3aAMK TOJUTUYECKOTO MOl U CyIle-
CTBYIOIIUX B HEM CYOBEKTOB.

W, ecniu Mbl XOTUM TOHSTH, KaK BBITJIAIAT JEHCTBUS FOCYAapCTBEHHBIX all-
naparoB, oopatuBmnx Ha NBIC npucranbHOoe BHMMaHHE, caMO€ BpeMsl Mepexo-
JIUTh K PELeTINH UJIeU «KOHBEPTUpYIoUX TexHouoruii» B EC.

2003-2006, EC. Hcmopuozpaghua:

Tepmun, 3anyuienssiii B 060opoT B CIIA, mokuHyNI UX Mpeaesbl J0BOILHO
onIcTpo. «3a cumnozuymom 2001 roga B CIIIA mocnenoBanu — Kak MUHUMYM, 4a-
CTUYHO — BJIOXHOBIJIEHHBIE CXOKUMHU HaesiMu cumno3uymbl: ¢ 2003 roga B Kanane
u Asun (Kopest, Simonmst, TaiiBanb)' > u ¢ 2004 rona B Espore (EC, cmanus, Hu-
nepaanap)» [10, p.14]

BrniepBrie koHBeprupytomue texnonoruu (abopesuarypa CT ucnonb3yercs
B EC yame, uem NBIC) npusnekatoT BHuManue EBpokomuccun B utone 2003 ro-
na, 0 4€M CBHJCTEIBCTBYET 2-M MH(poOpManmoHHbIN OroyutereHb «Foresighting
Europe»13 — e€ moapazaeneHue 1mo ¢GopcaiTy Hayku M TeXHUKU (B coctaBe ['eHe-
PANBHOTO AUPEKTOpATa MO MCCIEIOBAHUSAM W MHHOBAIMAM): «Jlms paccMoTpeHus
BornpocoB, mnoctaBieHHbIX B CIIIA NBIC-otuérom, EBpokomuccus MiaHUpPYET
yupexkaeHne rpymnmbl 3kcnepToB Beicmiero ypoBHs (High Level Expert Group,
HLEG) no KoHBEprupyoImmum TEXHOTOTUsIMY [5, p.9].

OtoT mnaH BorwtomaeTcs B aekadpe 2003 roga ocnoBanueM HLEG — ¢ uc-
cienoBaTenbCKUM IIaHoM moj, Ha3zBanmeMm «Foresighting the New Technology
Wavey. KomtekTuB y4€HBIX U 9KCTIEPTOB pabOTaeT Ha/l CO3TaHUEM OTUETA BIUIOTH
no wmions 2004 roma, mocie dero ero mpejacraBiseT EBpoxomuccuu Anbdpen
Hopamas.

"2 Pacnpoctpanenne xornenui NBIC-KOHBEPreHIMT B CTpaHaX A3uH, HMeBIIee MecTo B nepuon 2001—
2006, HEe MPOBEIECHO M3-32 TPYIHOAOCTYITHOCTH NMEpBOMCTOUYHUKOB. Kak orMeuator beinOpumxk n Poko,
«TIOIXOJ] A3MATCKUX KOJUIET Kyza OOoJblle CKOHIIEHTPHPOBAH Ha TEXHOJIOTMYECKOM PAa3BHTHH [a eBpomei-
CKUI — Ha CONMANBHBIX mociencTBusx |» [ibid]. eranpreiit 00630p NBIC-kouBeprenimu B TaiiBane npe-
cTaBiieH B [16]

13 https://cordis.europa.eu/pub/foresight/docs/for newsletter2.pdf
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1. CocraB rpynnsl: 25 4demoBek — moj pykoBoacTBoM Kpuctunsl bproman c
Anbsppenom HopimanoM B craTtyce opUIIMANIBHOTO JOKIAUHKA.

2. Yertsipe (dhopmasibHO) mpoBeAEHHBIE BCTpeun: 2-4 ¢eBpans, 14-15 amnpens,
6-7 mas u 16-17 utons (mocneaHsis — 0COOEHHO AUCKYCCHOHHA). Jlokian
MOATOTOBJICH HA OCHOBE IPYMNIOBBIX 00CYXJACHUMN, HHIUBUIYAJIbHBIX CTATEH
YJICHOB TPYMIIbI, TPEHUPOBOYHOTO CIIEHAPHS U OTYETOB 4X MOATPYIII.

3. llepenaua nokiiaga Ha paccMOTpeHue: utoib, 2004 roxa [3, p.2]

B noknane HabnrogaeTcss XapakTepHOE TEPMHUHOIOTMYECKOE OTIIMYUE, KOTO-
poe Tonbko ycuiutcs B EC B mocnenyroiue rofsl: peub o nosuimonuposanuu CT
kak CTEKS (Converging Technologies for the European Knowledge Society, CT
JUIs eBporeickux o0IiecTB 3HaHMs), B coctaBe KOoTOopbix CT ompeneneHbl Kak
«TEXHOJIOTUM U CUCTEMBbI 3HAHUW O BO3MOXKHOCTSAX, JIeJIAIOIINE APYT Ipyra [pUH-
IUNHAATBHO| BO3MOXHBIMHM B JIOCTH>KEHUM COBMECTHOM menu» [5, p.12]. HoBomy
onpenenennto conyrcTByeT Takke mHuimatuBa WiCC (Widening the Circles of
Convergence, paciIupeHue KpyroB KOHBEPTeHIIUHN ).

ITockonbky BbIBOABI 0T4éTa HLEG, HECMOTpS Ha psAll YTOYHEHUI, TOATBEP-
xaanu 3asBieHHbie WTEC MacimtaOHOCTh M 3HAYUMOCTh KOHBEPTUPYIOIMINX TEX-
HOJIOTHH Kak JJis OJvKaiiiero, Tak U otaanéHHoro oyaymero EC, pexomennanus
EBpoxoMuccuun mo BkIIrOUeHUIO pa3BépHyToro uccienoBanus CT B Ommkaifmme
IJIaHBI BBITIONHSAETCS yke B 61 PamouHOl mporpamme — y4pekJIeHUeM, o Kpai-
HEH Mepe, IBYX SKCIIEPTHBIX IPYIII COIMOIOTHYECKOTO MPOQUIIS.

OtnenbHbIM 3Tanom peuentuu uaen NBIC MoxxHO Takxke cuyuTaTh pabouyro
BcTpeuy 27 utoHs 2006 roma, Ha KOTOpyro ObuTO TpuriamieHo 13 sxcrepToB (yué-
HBIX U3 Pa3INYHbIX 00JacTeil), OuH U3 HUX — TpaHcrymanuct H.boctpom u3 okc-
dopackoro Huctutyra bynymero YenoseuectBa. Ilo marepmanam BcTpedu
ETAG (European Technology Assessment Group) mNOATOTOBHIA JTOKJIa]
“Technology Assessment on Converging Technologies”'?, B pamkax kotoporo ¢
Pa3JIMYHBIX CTOPOH PAacCMaTPUBAINCH MEPCHEKTHUBbI HETATHUBHBIX M MO3UTHUBHBIX
CIICHAPHEB TEXHOJOTUYECKON MOAM(UKAIMU 4YeloBeka, peanuzyembie NBIC-
TE€XHOJIOTUSIMHU.

IlepexBatbiBas aeckpuntuBHyto MoHononuto Ha NBIC y CIIIA B 2004 rony,
EC yxe He HaxoauTcs B ToJIoKeHHH tabula rasa: konuenmus NBIC-konBeprenum
IIPOM3BEJCHA U 03ByY€Ha, craB nepememaeMon. [lpu satom minsa EBpoxomuccuu,
(LeHTpaJbHOrO amnmnapaTta NPUHATHS peuleHul s rocynapers-wieHoB EC, korna
peub una€t o merarpenaax) NBIC-o0pa3el Oyaymiero, oOemaroniue MHOXKECTBO
MacITaOHBIX TpaHC(HOPMAITUI COMMATTEHOT0, OKA3bIBAIOTCSA KPAHE CYIIECTBEHHEI.
[Tosatomy B EC skcnieptHbiii 0630p HLEG mnpu3BaH yaydliuTh NPOTHOCTHYECKHUE
criocobHoctn EBpokomuccuu: kak u qokian ETAG, o6a 3Tux TOoKyMeHTa ajapeco-
BaHbI OFOPOKPATUIECKUM arrapaTam U TMOJTUTHIECKOMY UCTCOTUIIIMEHTY.

®opmynupyst Bo BBeAEHUU [5, pp.5—6] u netanusupys B 3aKitoueHuu [ibid,
pp.51-55] npenoctaBieHHOTo OTYETAa CIUCOK M3 16 pexomenmaluii EBpokomMuc-
cun, HLEG pacnagaercs, BCKOpe «ucYe3asi U3 UrPbD», TOTIA KaK PEKOMEHIALNU
MPOJIOJKAIOT CBOM MYyTh JI0 ajpecaTa BIUIOTH /10 BormuionieHus. C camoro Havana

 https://www.itas.kit.edu/downloads/etag beua0O6a.pdf
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HLEG, ne 6ynyun naxe ycroitunoi rpynnoid NBIC-dopcaiita, Bc€ xe co3aaér
MOBECTKH, pa3nuuuMble EBpOKOMUCCHEN KaK 3HAYUMbIE OPUECHTUPHI B BHICTPAUBA-
HUH TIOJIMTUKU OTHOCUTEIIBHO KOHBEPTUPYIOIIUX TEXHOJIOTUH.

He mpencrasiss, kak Poko, MHTEpECHl BBICOKOTEXHOJOTMYHOU ITPOMBIII-
nenHoctH, rpynna o6amancupoBku NBIC B EC He Hyxmaercs B cTaOmin3ainuu
NBIC-koHIENIMM nocpecTBOM HAHOPEAYKIIMU — YTO MPHUBOAUT K YBEIUYEHUIO
KoHenTyanbHol TrOkocTu. OTka3 ot joruku NBIC, ¢ynaupoanHoit BANG-
Terpa’ipoM, nipu aHanu3e CT Mmo3BOsSET 3KCHIEPTaM paCIIUPUTh caMy CTPYKTYPY
koHuenta: CT u3 NBIC npespamatorcst B ynomsinytsie CTEKS (Bmecte ¢ WiCC,
rae WiCC — He camocTosATeNbHAs TPOrpaMma, HO 3-5-JIETHSSI pacCTaHOBKA «TeMa-
tudeckux nmpuoputetroBy st CTEKS). Tak, 70BOJBHO KyMYJISTUBHO U 00TEKaeMO
WiCC Bxitouaer B celsi «3apaBOOXpaHeHHe, oOpa3oBaHue, HHGOPMAIMOHHBIE U
KOMMYHHKAIIMOHHbIE MH(PACTPYKTYPBI, DHEPIeTUKY U 3a00Ty 00 OKpy’Karoliei
cpene» [ibid, Part 3, §2.1], unu, TouHee: «... pa3BUTHE HOBBIX MOKOJICHUN YHUCTHIX
¥ SKOHOMHUYHBIX BO3/1yXOIIaBaTeNbHBIX cpeacTB k 2020 roay; pa3BUTHE BOJOPO-
HBIX CeTell [CHAOKEHUS| U TOTUIMBHBIX DJIEMEHTOB, U3TOTOBJICHUE DJICKTPOHUKU HA
HAHOYPOBHE, MHBECTUIIMH B OyyIine MOOMIIbHBIC U OECIIPOBOIHBIE TEXHOJIOTHUU H
MPUJIOKEHUS, TIPUPOCT COBMECTHBIX YCUJIMI B OTHOIIEHUH BCTPOEHHBIX CHCTEM,
PaBHO KaK U B OTHOUICHWHU TEXHOJOTHUI MOJYUYECHUS] COJTHEUHOW SHEPTUH, a TaAKKE
EBporneiickoil KOOpIMHUPYEMOW MPOrpaMMbl BBICIIEH XMMHHU — JIJIsl pa3HOOOpas3-
HOTO MPOMBIIUICHHOTO TMPUMEHEHUs U coluaibHBIX 1enei» [Research in the
Financial Perspectives 2006-2013: Commission Proposals (February 2004) [ibid,
p-44]]. Kak moxHo 3ameTtuts, nokian HLEG aapecoBaH W pbIHKY, HO Y€ BTO-
PUYHO, Yepe3 NPUOPUTETHI, KOTOPbIE paccTaBUT EBpomapiiaMeHT.

OO6o0mras ckazanHoe: ymnpaieHue Haykoi B EC Oosee rocynapcTBeHHO
OpUEHTHPOBAHO, YEM YacCTHO-NpeAnpuHuMareibckue ctparerun CIHIA, nmostomy,
npeanonaras B nepcrnektuBe NBIC-koHBEpreHIMM M3MEHEHUE HE TOJIBKO COIM-
aNbHOTO JIaHamadTa B 1EJIOM, HO JIaXKe CaMUX JIOJEH — 3a CUET TEXHOJIOTHYECKUX
monubukaruii - — EBPOKOMHCCHS HyKIAeTCS B HCCIeIOBAHHH-ICKOMIIO3HIIIN,
9TOOBI TTOHATH, U3 YET0 KOHBEPTeHIN «Obl1a coOpaHay. [laxke «pacmupeHue Kpy-
OB KOHBEPIEHIIMU» OKAa3bIBACTCS BO3MOXKHBIM B cuiy Toro, uto HLEG, B oTnuuune
ot ¢opcait-rpynnel WTEC, He TpeOyeTcs moamepKuBaTh KH3HECIIOCOOHOCTH
WiCC. OmnepatuBHO camoycTpaHssich W3 Bo3HUKHOBeHus nocinenneir, HLEG 3a-
KJIaapiBaeT GopMar MEPUOTUYECKU CKIAJBIBAIONIMXCA W PacHafaroniuxcs JKC-
NEPTHBIX TPYIIN, KOTOPBIM TpencTouT (depe3 nmocpeaanuectBo WiCC kak Be1oM-
CTBa, IUIaH KOTOPOT0 TakkKe ObLI MPEIJIOKEH B TOM kK€ JOKYMEHTE) MPOAOJIKATh
paboty «bamancupoBkn NBIC» B Bepcun EC B 2X KOMIIIEKCHBIX UCCIEIOBAHUSIX,
IPOBEJICHUE KOTOPBIX 3arianupoBano Ha 2007-2009rr.

15 Kak mokassiBaer noknax ETAG, Tema n3aMeHeHUs TFOAEH — BIUIOTH 10 BOSHUKHOBEHHS HOBBIX CEHCOPHO-
KOTHUTHBHBIX BHIOB, HHTETPAINH C HCKYCCTBEHHBIMHU MHTEIICKTAMH U TIP. — pacCMaTpUBAETCs Ooliee 4eM
BcepbEs. B wactHOCTH, MOATOMY co3BanHBIe EC 3KCIIepTHI MPEAMOINTAIOT M30eTaTh OISIPHBIX PaiKaH-
3aIMil «ONTUMH3Ma TPAHCTYMAaHW3Ma/ yIbTPaKOHCEpBaTH3Ma OWONYAIU3Ma» W HAXOHAT 3-M MyTh, CMe-
[IaHHO-peaTnCTUIHBIA. OHM JETaroT aKIeHT Ha TOM, YTO Ha MPaKTHKE MOCTEIICHHOE BHEPEHUE TEXHOIO-
Ui MOAU(MUKAIIUN YMHOXAJIO OBl YHCIIO IMyONWYHBIX PEaKINiA Ha HUX, HEXKEIN YMEHBIANO0, CBOIS A0 2-X
KpailHUX — U, OYEBUTHO, OT MpeACcKa3aTeIbHBIX CIOCOOHOCTEH HHCTUTYTOB ycToiunBoro pa3sutus EC 3a-
BHCHUT, KaKyIO pOJIb OHM MOTJIH OBl UTPATh B 3TOM IIpOIIeCcCe.
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AHHOTAIMA: JAHHAS CTaThs siBIsAETCS yacThio kKHUrH « HBUKC-Ttexnonoruu
st Mupa u Boutue» (I'.E. Kpuuesckuii, Jlamb6ept, 2017, 634 c.). B cratbe pac-
cMmatpuBaroTca ocHoBbl HBUKC-TexHonoruii, npuBoAsSTCS OCHOBHBIE TEPMHUHBI U
MOHSITUS ATOTO KOMIUIEKCA HAYKH M TEXHUKU (KOHBEPTEHIIUS, JUBEPIreHIUs, CH-
HEPTusi, CHHTYJISIPHOCTB), TTOJUEPKUBACTCS, YTO MEKIUCITUTIIMHAPHOCTD SBJISICTCS
TPEHJIOM COBPEMEHHOTO Pa3BUTHUSl HAYKH, TEXHUKHM M OOIIECTBA, YKa3bIBAIOTCS
nepcnektuBbl pa3Butuss HBUKC-texnonoruii B XXI Beke. Eciu mo-nmpoctomy,
OJIHOM (ppa3oil ckazaTh, YEM 3aHUMAIOTCS CIEIMAIMCTHI KaXKIOH COCTaBIIAIONICH
NBICS-TexHos0ruii, TO NOJYYUTCS TNI€-TO TaK: YYE€HbId KOTHUTUBUCT — JAYMAeT,
YUEHBI HAaHOTEXHOJIOT — JIeJIaeT, YUYEHBI OMOTEXHOJIOI — BOOPY’KAET, YUCHBIN
UH(GOPMAIIMOHITUK — MOHUTOPUT U KOHTPOJIUPYET, YUYEHBIH COLIMOJIOT — O0palaer
ycIieXu TeXHOJIOTUH Ha MOoJIb3y 4YesioBeKka U obmectBa. Koneuno, Bce 3Tu cnenua-
JIMCTHI, @ HE TOJIBKO KOTHUTUBHUCTBI, JyMAaKOT, U BCE OHU, & HE TOJIBKO HAHOTEXHO-
JIOTH, JIeNIal0T, 8 BCE BMECTE OHU TBOPAT OY/Iylllee YeI0BEUECTRA.

KmoueBbie caoBa: HEMKC-texHonorun, HaHOTEXHOJIOTMH, OMOTEXHOJIO-
YUY, MEXIUCUUIUIMHAPHOCTD, KOHBEPIreHIIUSI.
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Doctor of Technical Sciences, Professor,
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Abstract: This paper is the part of book «NBICS-Technology for Peace and
Wary (I'.E.KpnueBckuii Lambert Academic Pbl.2017, 634 p.).This paper considers
the Base of NBICS-science and technology, basic terms and concepts of this com-
plex (convergence, divergence, sinergie, singularity) of this field of science and
technology. The transdisciplinarity is very importent for this claster of science and
practies. There are schemes of transdisciplinarity in every one of NANO-, BIO-,
INFO-, COGNO-, SOCIO- Science and Technology and between them. There are
forecasts of the best known scientists in the world in innovations by NBICS-
Technology for XXI centure.
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Onpenenenusi 1 noHsaTusas NBICS-TexHosmoruu

O4eBHIHO, YTO B MEPBYIO OYEPEIb HEOOXOAMMO JaTh OIpPENEICHHE BCEM
KIIFOUEBBIM cioBaMm cocTaBisitomiuM NBICS-texnonoruun. Jlyig Bcex HUX cyle-
CTBYET MHOXECTBO OINPEIAEIEHUN, HO MbI JUIsI KPaTKOCTH BHAaYyaje OrpaHUYUMCS 110
OTHOMY JUISl K&KJIOTO, CAMOMY ITIPOCTOMY U YETKOMY.

Hanorexnonorumn. Ecnu npu ymeHbllieHUH 00beMa Kakoro-Jin0o BelecTBa
110 OJIHOM, IBYM WJIM TPEM KOODMHATAM J0 pa3MepoB HaHoMmeTposoro (10™) mac-
mrada BOZHUKAET HOBOE KaueCTBO, TO 3TU 00pa30BaHUs CIIEAYeT OTHECTH K HaHO-
MarepuasgaM, a TEXHOJOTMH K HAHOTEXHOJIOTHSIM.

IEKTPOHHAS HI-IC"I‘P}"ﬂ];iHTLI METOI10I0rHA Hanonavea
- ~‘

MHKPOCKOITHA ( INE: /
— T

CyneprouuslE| [Tyuueasnwii [JHmkoTEMnERATYPHAR | | JIAIEPHAS TEOPETHUECKAS DHINEA, Havka o
AMANTHIE] HPEKT TEXHHEA IOULOT TAdsH A AIUIEKY. 1, HOBEPXHOCTER MATEFHAJIAX
H KOHIEHCHPOBAHHBIX
\\ CHCTEM /r
FROHOMHEA MICKTPOHHKA HupopMALHOHHBIC TEXHONOTHE,
TCACKOMMY HHEAIHK
[ dpyrue |qg —
il i HAHO

Cumnsy

[ BBEPX

| H‘&llﬁ'l'e.‘ulﬂ.}lﬂl'ﬂlli

HanonpuGope

DapMauesTHR
3noposne, JIpyrue cexropa
METHITHIS IROHOMAKI

-‘ PapMaleETHYECKHE

Monckyvaspnesie 1 P e

CYMEPMOICKY A PHBIC I
/ MATCPHANBI
| Hamnoda pnmlcuﬂurﬂﬂl
BroMmarepuain n
Biromarepuaas
AT OYACTHILT

I Hanosmarepianb I

Puc. 1 CeAa3zb HAaHOMexHoM02ul C passu4HeIimu obaacmamu HayKu.

HanoTtexHonoruu B HacTosiiee BpeMs — OCHOBHOW METAmpOEKT B 00JacTH
HAyKWd W TPAKTUKHA, B OOJBIIECH CTENEHU, 4eM HH(POPMAIMOHHBIE U OMOTEXHOJIO-
ruu, SBIAIOTCA Jo0KOMOTUBOM Bcero NBICS-knactepa. HanotexHonoruu npooi-
YKAKOT YKCIIOHEHIIMAIBLHO Pa3BUBATHCS MO BEPTUKAIM OT HAYKH K TEXHOJOTHUH, T'O-
PU3OHTAIBHO PACHIUPSSACH B TaKhe OOJACTH KaK CEIhCKOE XO3SMCTBO, TEKCTHUII,
OTIIbIX, CIIOPT, HAHO(OTOHUKA, MEeTaMaTepHuaibl, CHMHTPOHUKAa U MHOTO€ MHOIO€
JApyroe, Mpo 4TO MBI Celyac Aa)xe He norajapiBacMcs. HaHOTEXHOIOrur MO3BOJISIOT
CO3/1aBaTh U PEAIM30BBIBATH MTPUHIIUITHAIIBHO HOBBIE MMPOEKTHI BEHYYPHOTO XapaK-
Tepa, OTKPHIBATh MPOU3BOACTBA C MPUHIIUIINAIILHO HOBBIMU MeTojaMu: 3d-neyats,
MIPOTOTUIIUPOBAHUE U TIPOUEE.
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¥ = NPFIYKTRE HAROUIERT POHHKN

Puc. 2 Ilenu nanomexnonozuti.

Ha puc. 1 mokaszana cBsI3b HAaHOTEXHOJOTHH C Pa3IMUHBIMH 00JIACTIMU
HAayKHd U MpakTuku. Ha puc. 2 moka3aHo, Kakue TBOPUYECKHUE IICJIM CTaBUIIUCH, pe-
maxKuch U OyayT pemarbes B chepe HaHoTexHosoruit B mepuoa 2000-2030 romos..

buorexnonorumn. lcnonb3oBaHue >KUBBIX OpPraHU3MOB, WX CHCTEM WIIU
POJYKTOB UX JKU3HEACSATEIBHOCTHU JIJISl PEIICHUs TEXHOJIOTHYECKUX 3a/1a4, a TakK-
K€ BO3MOXHOCTU CO3/IaHUS JKUBBIX OPTraHU3MOB C HEOOXOIUMBIMU CBOMCTBAMH
METOJIOM T€HHOU WHKEHEPHH.
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Puc. 3 Ceazv buomexnonoeuil ¢ pasnudunvimu 061aCMAMU HAYKU U NPAKMUKU.
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buorexHonornu UCIoOIb30BaAINCh YEIIOBEKOM IMIIMPUYECKH B ITPOU3BOJICTBE
MPOAYKTOB MUTAHUS (MOJIOYHOKHUCTIAS MPOAYKIIUS, XJI€0, aIKOTOJIbHbIC HAMUTKU U
JIPYroe) elle Ha CaMbIX PaHHHUX CTaausax HuBwiIn3anuu. CoBpeMEeHHbIE OMOTEXHO-
JIOTUU U, KOHEYHO, T€HHAasi UH)XXEHEPUs, SH3UMOJIOTHS B pa3HbIX 00JacTax (Meau-
[[MHA, MPOU3BOJICTBO JIEKAPCTB, MPOJAYKTOB MUTAHUsI) HAYYHO OOOCHOBAHBI U IIHU-
POKO UCIIOJIB3YIOTCS C cepeilMHbl XX BEKa.

= FEHHOE CEKBECTHPORAHHE
* FEHOMBI (4ETOBERA, MBILIE#)

MOAEEYEAPMHAS BHOTOHA

= TEPAIIHH CTBOTOBLIX
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> KOMINBIOTEPHIALMA JHK
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* ¥V HKIHOWATBHOCTh BEJKOR W
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-

Puc. 4 [lenu 6uomexmnonozuii.

Ha puc. 3 mokazana cBA3b OMOTEXHOJIOTHI C pa3IMYHBIMHU 00IACTSIMU HAYKU
u npaktuku. Ha puc. 4 nokazaHo, Kakue TBOPYECKHUE LEIN CTABWINCH, PEIIATINCH U
OynyT pemarbcs B cepe omorexnonoruii B nepuo 2000-2030 roos.

NudopmanuonHbie TeXHOIOrHU. MeToasl 23 pekTuBHON 00pabOTKH, Xpa-
HEHUS, aHAJIN3a U UCTIONb30BaHus nHpopMarmu. OIHA U3 CaMbIX MOJIOJIBIX TEXHO-
JIOTUH cepeauHbl Mmponuioro u Havyana XXI Beka, 6€3 KOToOpoi HEBO3MOXKHO MPEI-
CTaBUTh JKW3Hb COBPEMEHHOTO 4YEJIOBEKa (MHTEPHET, MOOWIbHBIE TelaehOHBI H
Apyroe).

KornutuBHble TexHosiornu. [lo3HaHue, u3yyeHue, OCO3HAHHE YMCTBEH-
HBIX U YyBCTBEHHBIX (DYHKIIM YEIOBEKA U )KHBOTHBIX. TE€CHO CBSI3aHBI C yCTIEXaMHU
ouonoruu, ¢puznoIoruu, Ncuxonoruu. OGopMHUINCh B CAMOCTOSITEIIBHBIC HAIIPaB-
neHust B KoHIe XX Beka. KorHUTHUBHAs Hayka M3y4daeT IMPOLECC MO3HAHUSA — KaK
MBI BOCIIPUHUMAEM MUP, KaK MBICJIUM, Ha YTO oOpaliaeM BHUMaHUE.

Ha puc. 5 moka3aHa CBsI3b KOTHUTHBHBIX TE€XHOJOTHH C pa3IUIHBIMH 00Ja-
CTSIMHM HaykH W mpakTuku. Ha puc. 6 mokaszaHo, Kakue TBOPUYECKHUE €M CTaBU-
JHCh, PEIIAINCh U OyAyT pemarbes B chepe KOTHUTUBHBIX TEXHOJIOTHI B MEPUOJ
2000-2030 ronos.
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CoumnanbHble TEXHOJOTMH. METONbl pELICHUs] COLMAIbHBIX MpOOiIeM,
HaIpaBJIEHHBIX Ha (DOPMUPOBAHKE YCIOBUM KU3HU U pa3BUTUS OOLIECTBa, O0IIe-
CTBEHHBIX OTHOUIEHUM, COLIMATIBHON CTPYKTYPHI C 1€JIbI0 00ecedeHus: NoTpeOHO-
CTEH 4YeJIoBEeKa, CO3[IaHUs YCIOBUU ISl pealiu3allii €ro MOTEHIMAIBHBIX CIIOCO0-

31



HOCTEH W HMHTEPECOB C YYETOM OJOOpPEHHON OOIIECTBOM CHUCTEMbI LIEHHOCTEH U
B3aMMOCBSI3H MEKy OOIIECTBEHHBIM IPOTPECCOM U SKOHOMUYECKUM Pa3BUTHEM.

Ecnu no-nmpoctomy, ogHo# ppa3oit ckazaTh, 4eM 3aHUMAIOTCS CIEIUATIACTHI
Kkaxnaon cocrapisomeit NBICS-TexHonornid, T0 MoayduTcst rAe-TO TaK: yYECHBIN
KOTHUTUBUCT — IyMaeT, YYeHbIH HAHOTEXHOJIOT — JIEJAET, YUEeHbI OMOTEXHOJIOT —
BOOPY’KaeT, y4eHbI MHPOPMAIMOHIIMK — MOHUTOPUT U KOHTPOJIUPYET, YUEHBIN
COLIMOJIOT — O0pallaeT ycrnexyu TEXHOJIOTMI Ha MoJib3y yenoBeka u obmectsa. Ko-
HEYHO, BCE 3TH CIIELUAJIUCTHI, @ HE TOJIBKO KOTHUTUBHUCTHI, JYMAalOT, U BCE OHH, a
HE TOJILKO HAHOTEXHOJIOTH, JIEJIAI0T, & BCE BMECTE OHM TBOPAT Oyayllee YeloBeye-
CTBa.
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Puc 8. Ceazu meacoy NBICS-mexnonocuamu, npumep KOHEEp2eHYUU MeXHON02ULL.
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Ha puc. 7 noka3zaHsl npsiMble U OMOCPEIOBAHHBIE CBSI3U MEXKy HaHO-, OMO-,
MH(}O-, KOTHO- TEXHOJOTUAMH U UX cocTaBisitoliuMu BHYTpH NBICS-TexHomoruii.
Puc. 8 nemonctpupyer npumep B3aumoneictBus BHyTpu NBICS-texnomoruii c
BBIXOJIOM NMPOAYKTOB KOHBEpPIreHIMN Ha OMOHUKY. Kak MOXHO BUAETH, 00pa3yeTcs
OYEHb CJIOKHBI HAYYHO-IIPAKTUYECKUU KJIACTEP, MEXIAY COCTAaBIIAIOIIUMU KOTO-
pOro MpPOMCXOAUT KOHBEPreHLHUs, MPUBOASIIAS K JJABUHOOOPA3HOMY MOSBICHHUIO
OTKPBITUH, U300pETEHUI, HOBBIX TEXHOJIOTUMA U MPOJYKTOB B PA3IMYHBIX 00JACTAX
YEJI0BEUYECKON JEATEIbHOCTH.

Eme oqun pakypc NBICS-TexHosorui ¢ no3unuu
KOHBEPIreHUNN U JUBEPreHIINH

KOHBEPIrEHLIUA HAYK U TEXHONOIMUM -
MHCTPYMEHT NOCTPOEHMA HOBOA HOOC®EPDI

KorHmntuaHbie
TEXHONOMMW

HBMUKC

MHeoPMALMOHHBIE
TEXHONOTHA

Puc 9. Konsepeenyus nayxk u mexuonoeuil 8 cghepe 83aumooeticmsusi npupoovl u ooujecmad.

KonBeprenmus. [Iporeccol, MpoxXoxkAeHUE KOTOPBIX JTOCTUTACTCS B3aUMO-
JNEUCTBMEM, KOHKYPEHIIMEH, CHHEPTU3MOM Pa3JIMYHbIX JUCIHUIUIMH U TEXHOJIOTHUM
MyTeM HHTETPUPOBAHUS U NMPUMEHEHHUS 3HAHMI Ha BCEX YPOBHAX Pa3MEPHOCTHU
(aToMBl — MOJIEKYJIbl — HAHOYACTHUIIBI — MaKpOMHp — BCEJICHHas), BPEMEHHU WU
CIIOHOCTEH. DTO HE MPOCTOE AJAUTUBHOE, MEXaHMYECKOE OOBEIMHEHHE, CIIOXKe-
HHE. ITO B3aUMOTNIPOHUKHOBEHHE C MOSBICHUEM PE3YyJbTaTOB HOBOTO KayeCTBa.

N3 Bcero 3Toro npoucTeKaroT e1ie U Ipyrue NOHITUS U ONIPEICIICHHUS.

Cunepruzm. CynepaaIuTUBHOE CIOXXKeHHUE, Korjaa 1+1>2, a B HamieMm ciy-
yae NBICS-texnonoruu 1+1+1+1+1>5, 3a cuer B3aMMHOr0 MPOHUKHOBEHHUS U Ka-
TaJUTUYECKOTO BIUSHUA ApYyr Ha apyra. CxemMa Ha pucyHKe |1 moka3bIBaeT O4YE€Hb
CJI0XXHYIO KapTHHY B3aMMOJCHCTBHUS, KOTOPYIO MOXHO TOHATH M MPOTHO3UPOBATH
e€ pe3yibTaThl, TOJILKO paccCMaTpuBasi 3Ty KapTUHY B 1IEJIOM, B COBOKYMHOCTH. Ta-
KON COBPEMEHHBINM CUCTEMHBIA IEIOCTHBIA aHAJIN3 CIOXKHBIX CUCTEM OCHOBAH Ha
(prI0CcOPCKOM MOHATUU «XOJIU3MAY.
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XoJsu3M. PaccMoTpeHne sABIEHUN, CUCTEMBI B LIE€JIOM C YYE€TOM TOIr'O, 4TO
CJIOXHAsl CUCTEMa BCErJa CIO0KHEE, YeM MEXaHMUYECKasi CyMMa €€ COCTaBIISIIOLIUX.
Xo0NMu3M Kak CHCTEMa B3IJISAOB, JOIMOJHUJ CUCTEMY PEIyKLIHMOHU3Ma, KaK CBeje-
HUE CII0)KHOIO K IpocToMy. Mup cran 0oJsiee ClI0KHBIM, MHOTOYPOBHEBBIM U Tpe-
OyeT 0oJiee CUCTEMHOTO OCMBICIIeHUs (Xonau3M). Ho 3To He uCKItoYaeT B ornpee-
JIEHHBIX CJIy4YasiX UCIOJIb30BaHUE PEAYKIMOHNU3MA. TakON CUCTEMHBIN MOAXOJ UC-
NOJIb3YETCS B COBPEMEHHOM OOpa30BaHUU, II€ B OCHOBY MOJIOKEHA MEKIUCIU-
IUIMHAPHOCTh, & HE CBSI3aHHbBIE MEXKY COOO0W AUCIUIUIMHBI (MaTeMaTuka, (pusuka,
XUMHUS U IpyTHE).

Puc 10. Xonuzm na npumepe uacosozo mexanuzma. Ynopsaoouenroe
PACnoiodcenue npoCmbiX I1eMeHMO08 NPUBOOUN K CO30AHUIO CIONHCHOLL CUCTEMDL.

Emie onHO 04eHb Ba)XKHOE IMOHSTHE, CBI3aHHOE C KOHBEPIEHIIMEH U CUHEp-
ru3MoM B3anmMoaeicTBusg NBICS-TtexHoOrMii — Tak Ha3bpIBaeMasi TEXHOJIOTHYE-
CKasi HEONpEJCICHHOCTh PE3yIbTaTOB ATOM KOHBEPIEeHIIMU U CUHEpPru3Ma. JTa He-
OTIPEJICICHHOCTh WJIM CHHTYJISIPHOCTH CIIOCOOHA BBIPAXKATHCS KaK B IOJIOKUTEIIb-
HOM, TaK U B HETaTHBHOM Pa3BUTHUU OOIIECTBA, ITUBHIM3AIIUHA, KOTOPOE MOXKET
BCTYIIATh B pe3yJIbTaTe JJABUHOOOPA3HOTO MOTOKAa MHHOBAIMI B HOBYIO (ha3y pas-
BUTHUS — TPAHCTYMAHUCTUYECKYIO.

Ha sToit cTamuu pa3BuTHs, dJIEMEHTBHI KOTOPOTO Mbl HAOJIIOJIaeM yKE Cero-
ITHA, TocTrxkeHus B o0iractu NBICS-TexHonoruii 1 Ha X OCHOBE HAHOMEIUIIHNHEI,
T€HHOW HWHXXEHEPHH, KIIETOYHOW, PENapaTUBHOM, PEKOHCTPYKTUBHON MEIULMHBI,
yCIIeXHU B 00J1aCTU MCKYCCTBEHHOTO MHTEJJICKTA M IPYTUe JOCTHXKEHUS YeIoBeYe-
CTBa, CMOTYT NMPUHIMITHAILHO, HA HOBOM YPOBHE YCWJIMTh MHTEIICKT U (pusnue-
CKHE€ BO3MOKHOCTH YEJI0BEKA, CYIIECTBEHHO MPOJJIUTh €r0 KU3Hb U JTAXKE IeJICHa-
MPaBJIEHHO U3MEHUTH YesloBeueckuil o0nuk. Be€ 310 1 cOOTBETCTBYET HOBOM CTa-
AW Pa3BUTHS YEJIOBEUECKOW IIMBWIM3ALMK — TpaHCTyMaHU3My. M, ecTecTBeHHO,
MIPY 3TOM BO3HHKAET MHOXKECTBO MPOOJIEM 3THYECKOTO, MOPAJIBHOT0, COIHAILHOTO
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I1aHa. B 9TOM U COCTOUT HEONIPEAEIIEHHOCTh HE TOJIBKO M HE CTOJIBKO TEXHOJIOT H-
Yyeckasl, CKOJIbKO T'yMaHUTapHas BO BCEX €€ acHeKTax (CIpaBeasIMBOCTh, BO3ZMOX-
HOE YCHUJIEHHWE COLMAIbHOTO HEPABEHCTBA, MPOOJIEMBbI PEIUTHO3HOTO HENPUSATHUS
W3MEHEHUS CYHNIHOCTH 4€JIOBEKa, CO3JaHHOIO, COIJIACHO OOJBIIMHCTBY PEJIUTHH,
1o o6pa3zy u nogoduto dora).

Konseprenuus u nuseprennusi NBIC-rexnomnornii. Ouenb o0pa3Ho aaer
kaptuHy KoHBepreHiuu NBIC-texnonoruii R.E. Horn, nmoka3siBasi, 4TO BCE OHU
CTpEJION HalleJIeHbI Ha YIy4dllleHUe )KU3HU YyenoBeka (puc. 11 u 12).

Ghﬁﬁwgi'es for 'lmproving H“-"ﬂan
A Pe

Sy
) Oy,
3 ”"-s;,

Puc 11. NBIC «cmpenka». Puc 12. Konsepeenyus NBIC-mexnonozuii.

OO0BeuHSSICh, TIepPEIIeTasCh, B3aMMHO MIPOHHKAS, BCE YETHIPE TEXHOJOTHUH
CXOZISITCA B HAKOHEYHUKE CTPEJbl, HAMPABJICHHOW Ha YeJIOBEKa — TJIABHYIO 1ICH-
HOCTh COBPEMEHHOW LIMBUJIM3AalMU (ITOKA, K COXKAJIIEHUIO, HE BO BCEX CTpaHax U pe-
ruoHax rmiaaHeTsl). CyliecTByeT MHOXKECTBO OJIM3KHX IO CMBICIY OIpEIeTIeHHM
KOHBEPre€HIIMH U IUBEPTECHIINN, HEKOTOPBIE U3 KOTOPBIX MPUBEAECHBI HIXKE.

KonBeprenmusi — npoiiecc, onpeneiasieMblil dckananued u TpaHcPopMupy-
IOLIEN MHTErpaleil KaKyIuxcsl pa3HbIMU TUCIMILIAH, TEXHOJIOTHI U COO0IECTB
JUISL IOCTUKEHUSI KOHKYPEHIIMU MEXAY HUMH, CUHEPru3Ma U MHTErpaluu, U Kak
pe3ybTaT — NOMOJHUTENBHBIN BKJIAJ B JOCTH)KEHHE HAMEUYEHHBIX 1esie. Konsep-
T'SHIIUS — OYCHb CI0KHBIM MHOTO(AKTOPHBIN MPOIECC, COMPOBOKIAEMBIN SIBICHHU-
€M JUBEpreHuuu (paclIMpeHue), MPOAOIKEHUEM M0 CYyTH KOHBEPre€HUMU HAa HO-
BOM YpPOBHE.

JMuBeprennus. [Ipomecc Hactynaer nocine oOpa3oBaHus B pe3yibTaTe KOH-
BEPreHIIMM HOBBIX CHCTEM W IPOJOJDKAECTCS 10 BO3ZHHMKHOBEHUSI HOBOW KOHKYPEH-
IIMY, HOBBIX MPOJYKTOB M HOBBIX 00JIaCTe NMPUMEHEHUS, MOJIYYCHHBIX MPU KOH-
BEPrCHIIUU.

Mexny KOHBEpreHIIMEW U JUBEPreHIIMEN BO3HUKAKOT CIIOXKHBIC CBS3U U 3a-
BUCUMOCTH, MOKa3aHHbIe Ha puc. 13, rae A, b — nukiasl koHBeprenuuu; B, I' —
UKl TUBEpreHIMU. A — KpeaTuBHasl (aza, 0OyCIOBIEHHAs CHHEPTU3MOM 3a
CYET MEXIUCLUUIUIMHAPHOTO B3aUMOJCUCTBUSI KOMIIOHEHTOB, b — HHTErpalnOHHO-
KOMOHWHAIMOHHBIC (pa3bl GopMUpPOBAHUS HOBBIX cucTeM, B — nHHOBanmonHas (asza
CO3/JaHHE HOBBIX KOMIIETEHIMA M HOBBIX MPOJAYKTOB, I' — 3akmtountenbHas (asza
HOBBIX TE€XHOJIOTMWA, KOMMEPLIHUAIN3ALINY, COLIMAIBHBIX pe3ysbTaToB. Ha 310l cTa-
AW B3aUMOJICCTBUE 3HAHUN, HOBBIX TEXHOJIOTUM HUJIET MO CIUpPaAd, KOTOpas Mo-
YKET BECTU K HOBBIM CTaJMsIM KOHBEPIE€HIIMU U TUBEPrEHIINH.
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KOHBEPTEHINA - THEEFIEHIIMA B IHKIE KI0GEATBRONO poasnmne HT

ARCIIHILTHH B
WCHHIY BEEFX®,
«wUCBEFXY BHH I

KOHTPRTE 3A
HAHOPAIMEPHBINH

MATEFMATEL, MATEPHATAMH

MEHIINHA,
OB TACTH

HHCTPFYMEHTH,
METOULRI

Puc. 13 Cesazu medxncoy konsepeeHyuell u ousepeeHyuell.

B oTinune oT HavanbHOTO MEpUOAa Pa3BUTHS UACH KOHBEpreHIMU Ha Oase
4yeTbipeXx (TeTpa’p) KOHBEPIeHTHBIX TEXHOJOTHMH B MOCIEAHHE TOJbl K HUM CO-
BEPIICHHO MPaBUJILHO U YMECTHO J00aBISIOT COLMAIbHYIO COCTABISIONIYIO B BU-
JIe COLIMANIbHBIX (COLMO) TEXHOJIOTUM, CTaBsi UX BIEpEIU WM B KOHIE abOpeBua-
typsl NBIC: SNBIC wnu NBICS. Ho, nonumas, yto B XXI Beke, korga Yenoek
(c GompIIoit OYKBBI) CTAHOBUTCS TJIABHBIM CYOBEKTOM U OOBEKTOM BCEX MHHOBA-
[IUH, €ro COIMANbHBIA CTAaTyC JIOJDKEH OBITh TECHO CBSI3aH C Pa3BUTHEM HAyKH,
3HaHMUM, 00pa3oBaHUEM, TEXHOJIOTHSIMU U UX npoaykTamu. [Ipu 3Tom craryc ye-
JIOBEKa HU B KOEM CIllydyae He JOJDKEH MOoCTpajath, ynactb. HampoTuB, AoikeH
OBITh 3alMILIEH B ITUPOKOM CMBICIIE: KAUECTBO KM3HU, 00pa30BaHuE, 3/[paBOOXpa-
HEHUE, IKOJIOTHS, pa3BUTHE 00IIeCTBa O3 MOTepU CTAOMIBHOCTH.

Hamerunuce HEKOTOpbIE HIOAHCH B (hOPMYJIMPOBKAX KOHBEPTEHTHOM Mapa-
JTUTMBI pa3BUTHUS nuBmIM3auu B XXI Beke. AMepUKaHCKHE ydeHbIe OOJBIION aK-
IIEHT JIeal0T Ha TEXHOJOTHUAX, KOHEYHO, HE 3a0bIBasi M COIMAIBHBIX ACTIEKTOB, a
eBpoIIeiiIbl 0obie POKYCHPYIOT CBO€ BHUMAHHUE HAa COIMAIILHON CTOPOHE pa3BU-
tus. [Ipu 3TOM B 000MX cydasx B pa3pabOTKe MPOrpaMM pa3BUTHS aKTUBHOE yda-
CTHE TIPUHUMAIOT TOCYAapCTBO, OM3HEC, OOIIECTRO.

B Poccum Bompocamu KOHBEPTreHTHOTO Pa3BUTHS OYAYIIEro 3aHUMArOTCS
OTJIeJIbHBIEC YYEHbIE U OpTraHU3aliy, HO TOCYAapCTBO CUCTEMHO, MHCTUTYLIMOHAIIb-
HO HE MPOSIBJISIET AOJI)KHOM aKTUBHOCTH B 3THX BOMPOCAX, XOTs, COTJIACHO KOHCTH-
Tyuun Poccuiickoit denepanyu, rocy1apcTBO HAIlle€ COLHAIBLHOE, U POJb HAYKH,
o0pa30oBaHus, COBPEMEHHBIX TEXHOJIOTHI B CO3JJaHUU COBPEMEHHOTO 00IIeCTBa HE
TOJIBKO TMOTEHIINAIBHO, HO U PEATbHO PaBHBIX BO3MOYKHOCTEH B HEM JIOJKHBI OBITH
npuoputeTHIMH. Yero He mpoucxoauT. bomee Toro pedopmer PAH, Beicmieit
IIKOJIBI, 3/]PaBOOXPAHEHUS, JIEUHAYCTpUATU3AIUS CBOASIT Ha HET JEKJIapaiuu O
TOM 4uT0 P® — conmanbHOE rocyaapcTBo.
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Bo3zBpaiasch kK KOHBEPreHTHbIM TEXHOJIOTHSIM M K OTHOUIEHUIO K HUM yye-
HBIX Pa3IN4HbIX OTpaciei Hayku (pusnocodsl, PU3NKH, TEHETUKU, MATEMATUKHU U
MIPOYME), MOXKHO 3aKIHOYUTH, YTO MPUXOJUT OOLIEE OCO3HAHUE TOTO, YTO KOHBEP-
TeHIUS pacUIMpseT CBOM KPYTH MO CHOUPAJIU (IMBEpPIreHIMs), BOCXOAUT Ha OoJee
BBICOKMI YPOBEHb KOHBEPIE€HIIMU C BOBJIEYEHUEM B 3TOT MPOLECC IUPOKOTO CHEK-
Tpa COUMATBHO-TYMaHUTAPHBIX HAYK U MPAKTHUK.

Amepukanns! BeiiBuraoT konuenuuio NBICS unu Nano-Bio-Info-Cogno-
Socio-koHIenuo; esponeiinl (o srugoi EC) BEIABUHYIN KOHLEMIIMIO «pac-
MIMpeHne KpyroB KoHBepreHmuu» wwin Nano-Info-Cogno-Bio-Socio-Auto-Geo-
Eco-Urbo-Macro-Micro-kouBepreHuuo. Mexay 3TUMHU ABYMs KOHIICMIIUSIMU HET
HUKAKUX MPUHLIUNHAIBHBIX PAa3IMuUid, HO UMEIOTCS pa3Hble PeCypCcCHbIE BO3MOXK-
HOCTU pealn3aluu 3TUX Nporpamm. M, KOHEYHO, KOHBEPreHIUsl KacaeTcsl U aK-
TUBHOT'O MEXIMCIHUIUIMHAPHOTO COTPYJHUYECTBA HA TOCYJAPCTBEHHOM YPOBHE,
MEXTOCY/IapCTBEHHOM, MEXAY YHUBEPCUTETaMHU, OU3HECOM, KYJIbTYpOll U APYru-
MU 00JIaCTSAMU JESATEIBHOCTH YEJIOBEKA.

Poaps HaHoTexHoJ0ruid B NBICS-TexHoJ0rnsix

ANeKTpoOTEXHWKa
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HaHo
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cynpamonexkynapHas
XUMMA XHMUA
KOMMNEKCHbIX
cCOefMHEeHMA

1950 1970 1990 2030 2050 roapl

Puc. 14 Hcmopus nano.

Hano otnarte n10/KHOE HAHOTEXHOJIOTHSIM, B MOCJIEHUE HECKOIBKO JIECATHU-
JIETUI OHU TOCITYXXWJIM HAayaJioOM KOHBEPI'EHIIMU HAyKH, 3HAHUWA W TEXHOJIOTUM M
CBSI3QJIM BOEJMHO 01O, MH(GO, KOTHUTUBHBIE TEXHOJIOTHUH.

[TepBoit ¢ha3oii KOHBEPTEHIIMHM CTAJIO0 MPOU3BOJICTBO C MOMOIILIO HAHOTEX-
HOJIOTHI HOBBIX MPOJYKTOB C BOBJICYCHUEM 3HAHUHN M3 00JIaCTH OMOJIOTHH, XUMUH,
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(¢u3KuKu, MaTeMaTUKK, MaTepuanoBeeHus. Ha 3Tol cTtaauu BO3HUKAIA MEXIMC-
LIUIUTMHApHBIE U MEKOTpaciieBble cBA3U. Ha BTOpoil pa3ze KOHBEpreHuuu Npou3o-
nuta He ToJbko uHTerpanus NBIC-texHonornii, HO 1 UX B3aUMOIIPOHUKHOBEHUE,
HayaJl mposaBIAThCS 3P ekt cuneprusma. M, HakoHen, TpeThsl (HaBEpHsKa, HE MO-
cnennsisi) paza koHBepreHuun — noAkaoueHue kK NBIC-texHonorusm coruaibHON
COCTaBIIAIOIIEH, I/I€ YEJIOBEK — I11eJIb, aJIPEC BCEX KOHBEPIrE€HTHBIX TEXHOJIOTUH.

Konseprennus NBICS-TexHOMOrHI UMEET MOTEHIMAN JUIS PELIEHUS U YXKe
HAa4YMHAET pelaTh TaKue MpoOJIeMbl, KaK CO3/laHie HOBOM MHIYCTPUU U HOBBIX pa-
00YMX MECT BBICOKON KBaJIM(PUKALMH, YBEIHMUECHUE MPOAOKUTEIIBHOCTH U Kaye-
CTBa *HU3HHU (3a4€M M KOMY HY>KHA JI0JIrasi, HO HEKa4eCTBEHHbIE KU3Hb), pOCTa Ye-
JIOBEUECKOro, TBOPUYECKOro M (PM3MYECKOro MOTEHIIMAa, UCIOJb30BaHUS NEPCO-
HAJIbHOI'O, UHTEIPUPOBAHHOTO 00pa30BaHUs U MEAMIIMHBI, II100aJIbHOM OXpaHbI
npUpojIbl, o0ecreyeHus: €€ yCTOMUMBOCTH.

K coxanenuto, n1axe B HacTodlllee BpeMsi Ha TpeTbel (ha3ze HaMeTHIICS pas-
PBIB MEXY BBICOKOM ckopocThio (HaunHas ¢ 2000 roma) pocra (KBa3WIKCIOHEH-
[IUATBHOT0) 3HAHUH, OTKPBITUN M MHHOBALMU Jaxe B pa3BUTHIX cTpaHax G§ (30-
JOTOM MWJUIMAPJ) U OTHOCUTEIbHO HU3KUM (KBa3WJIMHEWHBIM) POCTOM SKOHOMH-
kd. [pyrumu cioBamu, MPOMCXOAUT HEIOMCIIONb30BAaHUE MOTEHIIMANIa yIpaBiie-
HUSI BCEM CJIOKHBIM MPOIECCOM KOHBEPIeHIUH / TUBEPTECHIIMH. JTOT MPOLECC MPH
HAyYHO-OOOCHOBAHHOM YIPABJICHUH JIOJDKEH MPUHOCHUTH OO0Jiee OUIyTHMbIE pe-
3yJIbTaThl U, IPEXK/IE BCETO, B COLIMAIbHOMN cepe, pelasi cleayromne ryMaHuTap-
HBIE 3aJ1a4u:

— TIOBBILIIEHUE IKOHOMHUYECKOU (D PEKTUBHOCTU U TPOYKTUBHOCTH;

— MOBBIIIEHUE YEJIOBEUYECKOTO MOTEHIINAIIA;

— coJiep KaHKe, 3alIUTa YCTOWYMBOTO Ka4eCcTBa KU3HU BO BCEX 00JIaCTAX.

Kak 6b110 ckazaHo paHee, 10 HACTOSIIETO BPEMEHH MPOIECC KOHBEPTEHITUU
Ha 0aze NBIC-texHomoruii mporen Tpu ¢asbl.

1 daza: 1990-2000 rr. HaHOTEXHOJIOTHUH MHTETPUPOBATIN HAyYHBIC TUCITH-
IUIMHBI ¥ TEXHOJIOTMH B O0JIACTM HAHOPAa3MEPHBIX CHUCTEM (2TOMBI, MOJICKYIIbI H
KJIACTEPhI MOJIEKYJ), CO3/1aJId HOBBIE MaTepHalIbl, TPUOOPHI, YCTPOMCTBA U KUBBIC
CUCTEMBI MAKPOPA3MEPOB C HOBBIMH CBOMCTBAMH.

2 daza: 2000-2010 rr. IIpoucxonutr xoHBepreHuus Bcex deThipex NBIC-
TEXHOJIOTUH C BOBJICUEHHUEM OCHOBHBIX 3JIEMEHTOB-OOBEKTOB 3THX TEXHOJIOIMI:
atombl, JIHK, OUTBI, CHHOTICHI, ¢ TIEpEeX0I0M K (PyHIaMEHTaIbHBIM WHCTPYMEHTAM
ATUX TE€XHOJOTHM MO FOPU30HTAIN U BEPTUKAIU C (POPMUPOBAHMEM MHOTO(YHK-
LUOHAJIBHBIX, CJI0KHO OPraHU30BaHHBIX (APXUTEKTYpa), MHOTOYPOBHEBBIX CHCTEM.

3 (aza: mocie 2010 roga. NBIC unaTEerprpyeT 6a30BbIe 001aCTH aKTUBHOCTH
yesioBeKa (3HaHUS, TEXHOJOTHH, MOBEJACHUE OTNIEIBHOIO YEJIOBEKAa U OOIIEeCTBA),
dokycupysch Ha MOJACPKKE COLUATHHON aKTUBHOCTH U OTPEOHOCTSIX YETIOBEKA.

Kaxnas u3 stux tpex (a3 nmena cnenuduky pocta, pa3BUTHS, TUIIBI CBS-
3ei, 3Q(HeKTUBHOCTD, MPUHIUIBI YIPABICHUS PUCKAMHU, YCTICIIHBIX PEIICHUN |
pE3yJIbTATOB.

Puc. 15 nemoHCTpUpyeT CBSI3U HAHOHAYKU ¢ (DYHIAMEHTAIbHBIMU HAyKaMU
(puc. 15a) u o61acTu UCMONB30BAHUS HAHOTEXHOJIOTUM (puc. 150).
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HAHOHAYKA HAHOTEXHOJIOT MU
L— 4

Puc. 15 Cssazu nanonayku ¢ (pyHOAMEHMATbHBIMU HAYKAMU (@), 001acmu UCNOIb308AHUS
HanomexHonozutl (0).

Ha pucynke 16 cxeMaTn4HO MOKa3aHbl OCHOBHBIE XapaKTEPUCTUKH TpeX (a3
pa3BUTHUSI HAHOTEXHOJIOTHH, a Ha pUC. 17 MPOJOHTUPOBAHO Pa3BUTHE HAHOTEXHO-
noruit 1o u nocie 2020 roxa (5 a3 pazputus).

OCHOBHBIE TBOPYECKHE ILEJIN 3-X ®A3
HAHOTEXHOJIOTHH (2000 - 2030 I'T.)

|
| HOBASI IIAT®OPMA KOHBEPTEHIHH M NIOTPYKEHHE B YJKOHOMHKY I

|
1~2021 < Ililllll3,uunsrr£|1unn TEXHOJIOTHl =» ~ 2030 !

| NBIC-H3MEPEHHS, HOBBIE KOMIETEHIIHH, HAYKA H HT, OBPA30BAHME :

CIIHHTPOHHKA, MEJJHIIHHA H CEPBHC I
KOHBEPI'EHIIHA NBICS

tad
=

HHTEIPAIIHSA HAHOHAYKH H HAHOTEXHOJIOTHHA

~ 2011 4—“[]“01' WHTETPALIS CHCTEM = ~ 2020

MPAMBIE H3MEPEHHA, KOJLIEKTHBHBIE 30PEKTHI, COJIAHHE
HAHOCHCTEM HA OCHOBE HAYKH, HHTETPALIHA TPOLECCOB H TEXHOJIOTHH,
IPHHLUHITHA.-ToHO HOBBIE TPOLECCH K TEXHOJIOTHH

------------------------ 1
| ®YHIAMEHTAIBHOE, MEXTHCIHILTHHAPHOE HCCAEJOBAHHE HA HAHOYPOBHE I

: ~2001 <= NANOT5A3HCHEE KOMIOREHTE —mp ~ 2010 |

| HEMPAMBIE H3MEPEHMS, [TPOCTBHIE MPHHITHIIBL, HHCTPYMEHTH |
CO3IAHME NACCHBHBIX H AKTHBHBIX HAHOKOMIIOHEHTOB MOTY- |

| WMIEPHYECKHMH METOTAMH. ABHAEHHE B HATIPABIEHHH HOBOH IIPOTYKILHH ¥
B R —

Puc. 16 Ocnosuvie xapaxmepucmuku 3-x (pa3 HAHOMEXHOIO2ULL.

YCHJEHHE KOHTPOJIA 3A PASMEPOM ‘IhCTHIl.g

—> HHTETPALIMA, YCIOKHEHHA, PHCKH

[ ]
=
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«HAHO» BYOYLUEE: NATL NOKONEHWA NPOOYKTOE W NPOLIECCOB NOCAE NOBLILWEHWA YPOBHA
CNOKHOCTH, AMHAMWYHOTD NOBEOEHHA W TPAHCOWCUWNNWHAPHOCTH. EPEMA HAYANA
HHOYCTPHANBHOMD NPOM3BOOCTEA W HT KOMMEPLIMANKMIALHK

1-0E: NACCUBHBIE HAHOCTPYKTYPbI
MOKPLITHA, HAHOUACTHL!, HAHOCTPYKTYPHPOBAHHLIE MATEPHATLI,
MONHMMEPE!, KEPAMWKA

! 'S
~ 2000 2-0E: AKTUBHBIE HAHOCTPYKTYPhI
TPAHIHCTOPLI, YCHAWMTENH, ANLPECHBIE NEKAPCTBA,
AKTYATOPH!, AQANTHBHEIE CTPYETYPLI
>

3-bE: CUCTEMEI HAHOCUCTEM
PABOYARA CEThb M HOBGLIE MEPAPXHUECKME CTPYKTYPbI,

POBOTH, 3BOMOUMOHAPH!

>
4-0E: MONEKYNAPHbLIE HAHOCHUCTEMBI

2020 HAHO., GO, HHDO. HA OCHOBE HAHOPAIMEPORB,
McAng KOTHATHBHBIE TEXHONOTHN, BONBLUIME
CIOMHEIE HAHOCHCTEME

ﬁﬁ ~ 2015- ||5-0E: KOHBEPFEHUMSA TEXHGﬂOI'HI:

oo
o5
8

Puc. 17. Pazsumue nanomexuonoz2uti 0o u nocie 2020 2ooa.

Ha puc. 18 npencraBnen pe3yabTaT pa3BUTHS HAHOTEXHOJOTUH BO BpEMEHU
(1950-2050 rr.), a Ha puc. 19 — mepexo1 BO BpeMEHHU Pa3BUTHS OT MAaKpO K MHKPO
u HaHoMupam BIUIOTH A0 2040 roma. Ha puc. 20 nmoka3zaHo pa3BUTHE U MPOTHO3
pa3BUTH HAHOHAYKHU U OCHOBHBIE 33/1a4H, TPEOYIOUIUE PEIICHHUS.

MAKPO mm
— )‘
% CHHTE3
B (‘;;?0’ JHK ACCAMBJEPbl  YHHUBEPCAJILHBIE
) f'o‘?{',& ACCAMBJIEPDI
U, \of;?'ﬂf.,
o lf.-’]’ -9 ¥
o,
“
MHUKPO pm ~ 1,
,
# \
CEXHOAOTHA i
BHOT & % MOJNEKYASIPHASE
=] A HAHOTEXHOJOI'UA
MOJH®HKALHSA \
N
HAHO nm
'l il 1
1950 1970 1990 2010 2030 2050

Puc. 18 Pezynomamul pazeumus HaHOMEXHOI02Ull 80 8PEMEHU.
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U3MEHEHHA MEXTY MAKPO-, MHUKPO- H HAHO»MHPOM>» BO BPEMEHH

| onsmka 7,
o)
R
M —
<
2 —_
01 mm — z\“&
&

o _ c@,‘a
Y o
Y
E —

«(BEPXY
0lpm — Dviocerscopiias HanoaekTpomHia Y BHH3»

MMH‘YJ}“PMW‘WW Warerparys Guonorvsieckix
g _ Hestporexsiononi ﬂmczﬁ&n&u
< TEHEPAITHA OyHKIHOHVTHHbI 101
oo o | . . Karami «(BBHEPX»HI’]Y
M XUMMA xomﬂegnn wmmm
| Tl o] ool [aow]| oom |

Puc. 19 Ilepexoo 60 spemenu pazgumusi om MaKpo K MUKpO U HaHOMUPAM.

HAHOHAYKM = BYIIVILEE

T KBAHTOBBIi KOHTPOJTb 3A TEIVIOMEPEHOCOM HOBBIE
KBAHTOBEIE
SRS KBAHTEHTOBAS CTPYKTYPA
| MEXAHHM «CAMOJTEYEHHS»
BHOOTHYECKHE BHOKOHTPOITh, BHOCOBMECTHMOCTD
OYHKIHN
JMHAMMSECKHH KOHTPO/Th KATATHTHYECKHX
| HAHOKOHTPOJTh KOPPOIHH At
XUMMYECKHE ‘
OVHKITHH CHMHTPAHCIIOPT

| I KOHTPOJIb TPAHCIIOPTA 3JTEKTPOHOB

FNEKTPHYECKHE JIOKASATE/IBCTBO APXHTEKTYPhI
gl AT

| MOJIEKY/IAPHBIN IH3AHH B
HAHOTPHEOJIOTHH

MEXAHHWYECKHE

i HCIIOJTb30BAHHE BHOJIOTHYECKHX IIPHHIHIIOB

TOYHBIH KOHTPOJIb 3A PASMEPOM, ®OPMOH H KOMITO3HITHEH

| | | "

1 1
2005 2010 2015 2020 time

Puc. 20 Pazsumue u npoeros pazsumus HAaHOHAYKU U OCHOBHbLE 3a0adu, mpebyloujue peuleHus.
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HBUKC-TexHO0/I0ruN — TPEHI PAa3BUTHA Y€JI0BEYECKOU
nuBuan3anuu XXI Beka

C nosiBneHrneM BO BTOpPOM noJioBUHE XX BE€Ka HOBBIX MPOPBIBHBIX TEXHOJO-
ruii: HAHO, B11O, UH®O, KOT'HO (nanotexHoioruu, OMOTEXHOJIOTHUU, UHPOP-
MaITMOHHBIE TEXHOJIOTUM, KOTHUTHBHBIC TEXHOJIOTHH), OOBEIUMHUBIINXCS B €IIH-
HbII HAYYHO-TEXHOJIOTHUUECKUM KomIieKC — NBIC-TexHOnOrun — v CTaBUIMX BMeE-
CT€ C MOAKIIOUMBIIUMUCA K HUM COLUAIBHBIMUA TEXHOJOTUSIMU SIAPOM Pa3BUTHS
nuBmin3zanuu X XI Beka — NBICS-TexXHOJIOTUSIMA — MHOTO€ B MUPE U3MEHUIIOCH B
pe3yJibTaTe KaXKJI0JHEBHOTO HMCIIOJIB30BaHUSI 0)KMJAEMBIX U COBEPIICHHO HEOXU-
JTAEMbIX PEe3yJbTaTOB CHUHEPTreTUKHU (CIUSHUS) U KOHBEPreHIMU (B3aMMOIPOHUK-
HOBEHUS ) PA3JIMYHBIX TEXHOJOTHM.

S He Oyay mepevyucisiTh BCE MHOTOUYMCIICHHBIC MPUMEPHI ITOM Oecrperie-
JEHTHOW pOJU HAyKH, TEXHUKH, TEXHOJOTMH W MPAKTUKA HHTETPUPOBAHHOTO
NBICS-koMmiekca B TOBCETHEBHOM KU3HU KUTENEH MJIAHEThI, @ HE TOJILKO CTpaH
30JI0TOr0 MUJUTHAp/a. TOJIBKO OJMH TIPUMEp: «YMHBIN» TeraedOoH, KOTOPHIA TTOMe-
CTHJI TIPAKTUYECKHU BCEX JIIOJICH B earMHOEe MH()OPMAIIMOHHOE COOOIIECTBO CO BCE-
MU BBITEKAIOIIUMHU W3 3TOTO HAYYHBIMH, TEXHUUYECKUMHU, COLMATBHBIMU MOCIEI-
CTBUSIMHU, 00BETMHUBIINN pa3pabOTUNKOB (YUEHBIX) U3 Pa3HbIX CTPaH U MOJb30Ba-
TeJiel BCell MJIaHEThI.

DTO Julllb OJHA U3 MHOXKECTBA WJUTIOCTPALIMI HOBOT'O TPEH1a Pa3BUTHUS 11H-
Bunuzaruu B XXI Beke. Tpena stotr — KouBepreHnuus — o0beIMHEHUE PA3IMUHBIX
Ha TIePBBIA B3TJISAJ HAYK, AUCIUILIINH, MPAKTUK, COOOIIECTB B CI0HBIE TJI00aTb-
HBbIE CHUCTEMBI, CITOCOOHBIE CaMOOPTaHU30BBIBATHLCS, CAMOPETyJIUPOBATHCS, CaMO-
NOAAEPKUBATHCA. AJIBTEPHATUBBI 3TOMY TPEHAY B CETOAHSIIHEM YpE3BbIYANTHO
IPOTUBOPECUYUBOM, B psJie CiydaeB, Oe3yMHOM, Mupe HeT. [Ipu cymiecTByrommx
IUTAaHETAPHBIX MPoOJIeMax TOJBKO KOHBEPTUPYIONIME TEXHOJOTHH M COOOIIECTBA
MOTYT PEIINTh 3TU BBI3OBBI U MPOOJIEMBI COBPEMEHHOCTH. M posih yUEHBIX, HHKE-
HEPOB, TEXHOJIOTOB B PEAIM3AIAN 3TOr0 TPEHAA OrPOMHA.

O6 »TOM ayMarOT MHOTHE BEAYIIHE YUYEHBIC CaMbIX Pa3HBIX CIEIHUAIBHO-
cTei, oT (QU3MKOB M JIUPUKOB O (HHIO0CO(OB BEAYIIUX CTPAH, a TAKKE JTUIACPHI
3TUX CTPaH — OHU OYECHb BHUMATEJIBHO MNPUCIYIIUBAKOTCS K MHEHHIO JIYYIIUX
YMOB Haiero Bpemenu. [IpaBsia, BEIBO/IBI BCE JETAIOT Pa3HbIC.

Kak padoTaer KOHBepreHuusi, OCHOBHbIC MPUHIUIIbI

Crenyronme NpuHIKUIBI UCIIOIB3YIOTCS MO0 OTHOIIEHUIO K KOHBEPTUPYEMBIM
TEXHOJIOTUSIM JJIsl pelieHus MpoOJieM YeJIOBEUYECKOTo, TUIAHETAPHOTO U COIUalb-
HOT'O U3MEPEHUSA:

1. B3aumocCBs3b U B3aUMO3aBUCUMOCTb MPUPOJIbI, TEXHOJIOTUH U OOIIECTBA.

2. KonBepreHnuus / TUBEPreHIMs — YBOJIOIIMOHHBIN MPOIIECC.

3. JInuHaMU4YEeCKUE CUCTEMBI MOJUYUHSAIOTCA U U3YYAIOTCS HA OCHOBE MPUHIU-
OB JIOTUYECKOUN AEAYKINHU MIPUHATHUS PEIICHUM.
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4. Heob6xomumMocTh (OpMHUPOBAHUS YHUDPUIIMPOBAHHOIO, MEXAUCIUILIU-
HApHOTO sI3bIKa (TEPMUHBI, TOHITHS) MEKY Pa3IMYHBIMU 00JIaCTSIMU 3HAHUM.

5. UccnenoBanue Ha OCHOBE BOOOPaKEHHUs, IPEJIBUICHUS, OTBEYAIOLIUE BbI-
30BaM BPEMEHH.

KOHBEPTEHIIUSI =9 COIIUAJIbHBIE YCIIEXU

ao

WHHOBALIMW, OTBETCTBEHHOCTbD,
YNPABNEHWE

©)

noaroToBKA YCTOWYUBOE
?ﬁgg!g " PA3BWUTHE

A7

GOEHAI'IH'IOB
OBLWECTBO

©) O]

i KOTHUTUBHOCTb
JENOBEKA
D®UINYECKM W KOMMYHUKALIWM

NOTEHUKWAN

@) @

OCHOBHbIE NNANETAPHOE YENOBEUYECKOE CUCTEMHBIN
wicigmenr | | iadernie N ueResws. | | CURRNSR,
IHHJIIAT®OPM BEPI'EHIINUU

Puc.2] Konsepeenyus 6 coyuanbHom HAnpasieHuu.

KonBeprenuus yxe akTUBHO JEHWCTBYET M OKa3bIBAET CYIIECTBEHHOE BIIMS-
HUE Ha JKU3Hb KaXJO0ro yejoBeKka Ha IutaHete. Ho dermoBexk 0OBIYHO 3TO HE 3ame-
YaeT, MOJIb3YysICh MOOWIBHBIM TeleoHoM, MHTEpHETOM, YMHBIM aBTOMOOHJIEM,
YMHBIN OJICXKI0N U erle MHOKeCTBOM BUI0B Ipoaykiuu NBICS-texHomnorunii, 6e3
JTUBEPTECHIIMUA KOTOPHIX 3T MPOIYKTHI HE TIOSIBUJIUCH OBI.

Ha puc. 21 noka3zanbl 10 OCHOBHBIX NPUHIMIIOB peaIN3allii KOHBEPTICHIIUU
B COLIMAJIbHOM HAITPaBJICHUMU.

KonBeprenuus — camast akryajabHasi COCTaBIISIONIAS] TUHAMUYHOTO U LUKIIU-
YECKOTO MpoIecca KOHBEPTeHIUH / JUBEPTCHIINH, OPTAaHUYECKH CBSI3aHHOTO C YM-
CTBEHHOU JESITEIbHOCTHIO M JIPYTHUMH O0JACTSIMHU TJIOOQIBHON, CUCTEMHOU JIesi-
TEIHHOCTU YeJIOBEKAa. DTOT MPOIECC CIIOCOOCTBYET YCKOPEHHIO, PAa3BUTHIO, CO-
BEPILICHCTBOBAHHUIO MPOJABMKEHUS IO LIEMOYKE: TBOPUYECTBO — MHHOBALMS — IIPO-
JTYKITHSL.

@da3a KOHBEPreHIMHU ITOTO CIOXKHOIO IMpolecca COCTOUT W3 aHalIn3a, Kpea-
THUBHBIX 3aKJIIOUYEHUN O HOBBIX UJIESIX U UHTETPALUSAX.

®aza auBepreHIuu (paclIMpeHUe B IIMPOKOM CMBICIE) BO3HHMKAET U3 pe-
3yAbTaTOB (ha3bl KOHBEPreHIIMM W HMCIOJIB3YET KOHIENTyalabHOE (popMHUpOBaHUE
HOBBIX CHUCTEM, UHHOBAIMA B HOBBIX O0JIACTAX, B HOBBIX OTKPBITHSIX HA MPUHIIH-
Max KOHBEPIe€HUHH, MYJbTUPA3MEPHOCTU CHUCTEM, KOMIETEHINH, TEXHOJIOTUNA WU
MPOAYKTOB.
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[Iporecc koHBepreHIMK / TUBEPTEHIIMU PEaU3yeTcsl B KOTEPEHTHOM (CBS-
3aHHOW) 1MW OT WA O KOHEUHOH 1enu. Mojenb pa3BUTHS 3aKJIIOYAETCS B TOM,
YTO CKOPOCTH pocTa (YCKOpPEHHUE) TBOPUECTBA U MHHOBAIIMI BO3pacTaeT MpU BHHU-
MaHHH K MPOIECCY KOHBEPIEHIIUU U €r0 Pa3yMHOM YHPABJIECHUH, IPU CIIOCOOCTBO-
BaHUM CBS3SIM, JBIKCHUIO MEXK]Y Pa3IUYHBIMU OOJACTAMH YEJIOBEUECKON aKTHB-
HOCTH, MEXy IMKJIAaMU KOHBEPTCHIIUU U JTUBEPreHIIUH.

KonnentyanbHoe BIMSHHUE KOHBEPIEHIMM HA KPEATUBHOCTh M WHHOBAIIUU
MOKET OBITh OLIEHEHO MHAEKCOM CKOpOCTU pocta nHHOBauui (I), koTopslil sBis-
eTcst KBaapaTHdHoOil PyHKIHeil pasmepa (S) obnactu kousepremmmu (I~S?), Bpe-
menu (T) rukiia koHBepreHiuu u quseprenuun (I ~ 1/T?).

Astopsl Teopur kKouBeprenuus (C) snanuit (K) u rexnonorwuii (T) nmst momnb-
3b1 o01IecTBa (S) GOPMYIHUPYIOT MSATh OCHOBHBIX MOJXOA0B, ONPEICISIONINX CYTh
(ssapo) CKTS:

1. CniupaneBuHbIN XapakTep mpoliecca KOHBEPIeHIMs / JUBEPreHIIUs 00Y-
CJIaBJIMBAET TEHEPAIUIO JOMOJHUTEIBHO HOBBIX PEIICHUI U TpaHCHOpMaIUIO 3Ha-
HUU B 9BOJIIOIIMOHHOM TIPOIIECCE PA3BUTHS HAYKH, TEXHOJIOTUN U MPAKTHUK.

2. XonucTuyeckui (CUCTEeMHBIN) MOAXO0/ TJI00aIbHON SBOIIOLUOHUPYIOIIEH
CHUCTEMBI YeJIOBEYECKONW aKTUBHOCTH, COCAMHEHHON MHOTOYPOBHEBOUW CETHIO 3HA-
HUMN, TEXHOJIOTHI U COIIUATBHBIX CUCTEM.

3. ®opMHUpOBaHKUE BHICOKOTO YPOBHS YHU(MUIIMPOBAHHBIX SI3HIKOB, OCHOBAH-
HBbIX Ha MEXIUCLUUIUIMHAPHONW KOHBEPIe€HUHH C MCIOJIb30BAHUEM 3HAHUM, TEXHO-
JOTUH, KyIbTypHBIX 00001enuil. Co3anue JOpOoKHBIX KapT 3HaHMM, OaHKa 3Ha-
HUM, 0000IIEHHOW TEPMHUHOJIOTUU, YTO TIOMOXET B IMOSBIEHUU HOBBIX OOiacTeil
3HAHUM U NEATEIbHOCTH YEJI0BEKA.

4. Ycunennoe BHUMaHue ((hokyc) Ha BUACHHE, HAYYHBIA aHAJIU3 U MPOTHO3
NPUHIMITHAIBHBIX U3MEHEHUH, CBA3aHHBIX C KOHBEpreHiueil. dppekTuBHOE U OT-
BETCTBEHHOE JIOCTHKEHHE M HCIOJb30BAHUE PE3YJIbTaTOB KOHBEPTCHTHBIX HAYK U
TEXHOJIOTUH, BbIpaOOTKa CTpaTeTuu pa3BUTHUS Ha AToW ocHoBe. CucreMaruyeckas
KOPPEKLHUS CTPATETUH Pa3BUTUS B COOTBETCTBHUH C pPe3yJibTaTaMU.

5. Onepesxaromias akTiBHasi paboTta ¢ 00LIECTBOM IO MPOJABMKEHHUIO B KOP-
PEKLHU UJI€H KOHBEPTECHIIUY.

SpKUM TPUMEPOM TMOJIOKUTEIBHBIX PE3yJIbTATOB, YCIEXOB KOHBEPTECHIIUU
NBICS-TexHomoruii Kk HACTOSIIEMY BPEMEHH MOTYT CIYXHTh: (OPMUPOBAHUC
YHUBEpCAJIbHBIX 0a3 JaHHBIX, PA3BUTHE KOTHUTUBHBIX U KOMMYHUKAIIMOHHBIX CBSI-
3eil, KOMIIBIOTEPHBIE «00JIaKay, CUCTEMA «UEIOBEK-MaIuHa» (poOoT), kubdepdu-
3U4ecKas CUCTeMa, O€3JI0/IHAsI TEXHUKA U TPAHCIIOPT, T€JIEMEIUIIMHA, HOBBIE KOC-
MUYECKHE MPOTPaMMBbI, HayKa 00 JIeMEHTapHBIX YaCTUIIAX, «YMHas» TEXHHKA (aB-
TO, IOMa, OACKA U JPYToe), MOSBJICHUE HOBBIX JTUCIUIUIMH (CUHTETUYECKast Ono-
JIOTHUsl, KBAHTOBBIE KOMMYHHUKAIIMHM, HAHO(POTOHWKA, HaHO(IIONINKA), OMOMETH-
MHA, MeAUIMHCKas (u3nka u uHxkeHepus. Ha pucynkax 22-24 mnpencraBiieHbl
BayKHEWIINE MIaTGOPMbl Pa3BUTHS KOHBEPTEHIUU.
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YEJIOBEK-KOMMVYHUKALTMA
BUPTYAJIbHASI MHTEIPALIMS

11-IE.FICOBE‘LIE('J‘.'I-'I E

M3MEPEHMSA
KOTHUTHBHBIE / BHMPBDMECKHE
TPEBOBAHWA . / TPEBOBAHWA

MHTEIPALIM SI: YUEJIOBEK-TEXHOJIOI WS,
OKPY>KAFOIIASI CPEJA, [IPOM3BOICTBO,
POBOTOTEXHMKA, CEHCOPBI

Puc. 22 Basicnetiwue niamegopmsi pazeumus KoHeepeeHyuu
8 HaNpaeiIeHUuU UHMEPECO8 4el08eKd.

VIIPABJIEHUE, MHHOBALIUMH,

PEI'YJIMPOBAHUE
N
COLIMAJTBHAS IIKAJIA
TPEBDBAHHH B
Tpflfjgﬁﬁ“ﬂ !/_-" onpasomﬂmu,
ot 3[I0POBBE 1
v WH®PACTPYKTYPE

o

KOSBOJOLMA YEJIOBEK-TEXHOJIOTUH

Puc. 23. Basicnetiwue niamgopmol pazeumusi KOH8epeeHyuu
8 HaNpaeiIeHUuU COYUAIbHBIX 3a0a.

IVIAHETAPHBIE CUCTEMBI (KOMMYHUKALIMM /
B3AVMMOJIEVCTBUE / 9KOHOMMKA / MOHUTOPWHI)

o D

I'UIAHETJ&PHI:IE

IJIOBAJTBHBIE IJIOBAJIBHBIE
KOTHUTUBHBIE . EHMHSH'-IEGCHE
TPEBOBAHMSL . / TPEBOBAHWMS

INTAHETAPHO-TEXHOJIOTHMUYECKAA MHTETPAITIMA
(ACTPOHOMMSI/ KOCMOC / OKEAH / MHDPACTPYKTYPA / KITUMAT)

Puc. 24 Basicnetiwuue niamgopmer pazeumus KoHeepeenyuu
8 HanpagieHuu NIaHemapHuixX npooieMm.
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\ / N
N * A BpEMeHHasI IIKA/IA
> OCHOBHBIEMHCIPYMEHTBI = o6venavrdopmams
NBIC MEXTY CHCTeMaN)t

Puc. 25 Ionnas 360110uuonHas cucmema aKmusHocmu ooell,
KOMopasi 6K0Yaen yemulpe 0CHOBHbIX NAAM@POPMbl KOHEEPSEHYUU.

Ha oGo6miaromeii cxeme Ha puc. 25 MoKa3zaHa IMOJIHAs IBOJIFOIMOHHAS CH-
CTeMa aKTHBHOCTH JIIOJICH, KOTOpas BKIIFOYACT YCTHIPE OCHOBHBIX IUIAT(HOPMBI
KOHBEPICHIIMM — OCHOBHBIC HHCTPYMEHTHI Y€JIOBEUECKOIr0, TUTAHETAPHOTO U COIIH-
anpHOTO M3MepeHus. COrIacHO 3TOM CXeME CIHpajlb MPOCKIIMA TBOPYSCTBA U MH-
HOBAIIUI MIEPEKPHIBACT BCE YETHIPE MIATPOPMBI KOHBEPT'CHITUU CUCTEMBI.

KOHBepFEHHI/Iﬂ B IUHAMHUYCCKOM Pa3sBUTHH

Kaxxnp1ii ypoBeHh KOHBEPTEHITUN OTIPEEISIETCS TIaBHOM 00J1acThIO pUMe-
HeHus, cnenupukor naTerpanui. Ee BrICIINN MUK COOTBETCTBYET MaKCUMAIbHOM
AKTUBHOCTH JIIOJICH B 00IIeCTBE, COITUATBHON aKTHBHOCTH, KOTOpasi TpedyeTcs s
pa3BUTHA.

Hns peanuzauun npoekta «Kouseprenuust (C) 3nanuii (K) u TtexHosoruit
(T) nns momw3br obmectBa (S) — CKTS» momxHBI OBITE CPOPMUPOBAHBI YETHIPE
miatgopmel: oomme cBs3u NBICS-texHonoruit uepe3 MHCTPYMEHTHI U TEXHOJIO-
UM, TIaTgopMa YeIOBEYECKOTO HM3MEpEeHUs, miaTdhopMa COIHMAIBHOTO H3Mepe-
HUS, TUIaThopMa TUTAHETAPHOTO U3MEPEHHS — KaXK/1ast U3 KOTOPBIX XapaKTepHU3yeT-
Csl AJIpOM, TJIABHBIMH YYaCTHUKAMU (MTPOKAMU — UHJUMBHUAYYMaMH, OpraHU3aIus-
MH, TEXHOJOTUAMH), CHEUU(PUUECKUMU NTPOHUKHOBEHUSIMH, XapaKTEPUCTUKAMU,
WHCTUTYTaMH U LEJISIMU.
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OCHOBHbIE UHCTPYMEHTbLI / TEXHOJTONU
NBIC - KINTACTEPA

T
[MIHPOPMALIMOHHLIE TEXHONOI MW |

NMEPCOHANBHOE OEYYEHME; HAHOBWMOWH®OPMATHUKA;
«CUMYNALNN»; NBIC TEXHOINOIrmn OHK-KOMMBIOTEPM3ALIMA;
KWBEP MPOCTPAHCTBO NPOTEOMETUKA
‘/ EM'Ti CHHAMGC \
KOrHUTHBHbIE
HAYKM CTPOEHME = e e
SAOPA /
HEWPOMOP®ONOrMYECKUE 21 BEKA HAHOBVMOMEAMLIVHA;
MCCNEQOBAHUS; » ~ «CUHTETUYECKAS»
YMHAR OKPYXKAKLLUAR ATOMbI FEHbI BUONOrUS;
CPELA: EMO-®OTOHMUKA
CUHAMNC Ons "
MBILLNEHWA
I HAHOTEXHONOIMNMA ‘
A 4

HAHO®OTOHUKA, NNASMOHUKA,
METAMATEPWANDBI, HAHOXWOKOCTH

Puc. 26. Eounas 6n0k-ocnosa passumus XXI 6exa, unmeepuposannas 6 camopazeusarouyiocs,
CAMOB0CNPOU3BOOAUYIOCS CUCTNEMY.

dopMUpOBaHUE ATUX TIOOAIBHBIX KOMIIJIEKCOB-KJIACTEPOB «CUCTEM CH-
cteM» Hauajoch ¢ KoHuenuuu NBIC koHBepreHuuu, Kotopas B CBOKO OuY€pelb
Havajach C HAHOTEXHOJIOTHI, KOTOPhIE Cpa3y BOILUIM BO B3aUMOJCHCTBUU C OUO-,
UH(}O- U KOMMYHUKATUBHBIMU TEXHOJIOTHSIMHU C oOpa3zoBaHueM oOmiero Qysma-
menTa. Kaxxnapiit u3 atux gqomMeHoB (miatdopm) 6azupyercs Ha OCHOBHBIX 3JIEMEH-
tax (atombl, JIHK, Outhl, cunHamcel (cHHArC, rped. «CBA3b» — MECTO KOHTAKTa
MEXIy IBYMsI HEpPOHAMU), U 00pa3yIoT €IUHBINA OJIOK-OCHOBY pa3Butus XXI Be-
Ka, UHTETPUPOBAHHYIO B CaMOpPA3BHBAIOIIYIOCS, CAMOBOCIPOM3BOIAILYIOCS CH-
cremy (puc. 26).

Hano u mHbopMaIioHHbIE TEXHOJIOTUN — TJIABHBIE JIEMEHTHI, (PopMUpYyIO-
mue obuuid 6ok NBIC-texHomoruii. OHM TpPOJABUTAaIOT METOJABI M CBS3aHBI C
KOMIUIEKCaMU: Matepuan (OmomenuinHa, uHMopMaIms) ¥ KOMMYHUKAIUS (KOM-
nploTepu3anus). bUo U KOTHUTUBHBIE TEXHOJOTHH «IIOCTABIIAIOT» 3HAHUS U SBJISI-
IOTCSl IBIDKUTENSIMH (JIpaiiBepaMu) TEXHOJIOTHA, HEOOXOUMBIX YeTIOBEKY B OHO-
MEJULIUHE, SKOJIOTUHU, MBICIUTENBHBIX MTPOLECCAX.

Bce uetbipe NBIC-TeXHOJIOrMY KOHBEPTUPYIOT U OPOKIAIOT, TEHEPUPYIOT
HOBBIE OTBETBJICHUS B Hayke W MpakThke. [I0CKOJIbKY MPUHATO, YTO KOHEUHOU U
[JIABHOM 1I€JIbI0 KOHBEPTCHIIMU U PA3BUTHUSI TEXHOJOTMU SIBISETCS YJIOBIETBOpE-
HUE HYXK] 4eJlOBeKa C Yy4YeTOM TOHKOCTH JTHKM U Mopanu, 1o K NBIC-
TEXHOJIOTHSM J00aBiseTcs eme u conuanbuas cocrapisromas (NBICS) u popmu-
pyeTcs emne oHa Tuiatopma 4eT0BEeYeCKOTO u3MepeHus. JTta miatdgopma xapak-
TEPU3YETCSd MHTEPECOM K OTAEJIbHBIM JUYHOCTSIM W TPYyMNIaM JIHI, CBA3SM 4Yejo-
BEK-MaIllMHa, YeJIOBEK-KOMIBIOTEP, UYEJIOBEK-OKpYKalolllas cpena, BUPTyalbHas
uHTerpanus. Y 3Toil miatgopMbl-porpaMMbl ABa JBHKUTENA: Onoduznueckue u
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KOTHUTUBHBIE TPEOOBaHUS K IMOBBIMICHUIO (PU3UUYECKOTO M MBICTUTENBHOIO (yM-
CTBEHHOI'0) MOTEHIINAA.

O6mactp 0JI0Ka «4EITOBEUECKUE U3MEPEHUS» BBIXOJUT 3@ PAMKH TOJIBKO KO-
THUTUBHOM HAayKH U BOBJIEKAET COLUATIBHYIO TEXHOJOTHIO, COLUOJIOTHIO, YTO Tpe-
OyeT (hopMHUpOBaHUS CHEIUATBHON MIIAT(HOPMBI-0JI0Ka «COLUATBHBIE U3MEPEHUSY,
BKJIIOYasl CBSI3b YEJIOBEK-TEXHOJOTMHU-KO3BOIIOLUA-YIPABICHHE, U OCHOBaHA Ha
CIeAYIOMMX JpaiiBepax-TpedoBaHusx: 0nopu3ndeckoM (310poBbe, 0Opa3oBaHUE,
UH(PACTPYKTYypa) U KOTHUTUBHOM (MOpaib, 3THKA).

Her comHeHusi, yTo 4yepe3 ompeAesieHHOe BpeMsl Halla IUBWIM3ALUs BbI-
pBeTCs B MOJHOU Mepe 3a npeensl 3emin B COTHEYHYI0 CUCTEMY U Jlajbliie, 0e3-
yCJIOBHO, OJilarojapsi ¥ mpu ydacTuu Tou >xe koHBepreHuusi NBICS-texHonorui.
OTO0 N1e710 HEe 0YEHb JaJIeKOro OyAyLIEro, HO B HACTOAILEE BpeMs €1le MHOTO€ HaJ0
OoOyCTpOUTH JTydlIUM 00pa3oM Ha Halled poAHOW, MHOTOCTPaAaJbHOW OT aHTPO-
NOT€HHOM, PYKOTBOPHOM JESATEIBHOCTH YeJIOBEKa IiaHeTe 3emMist (0COOEHHO CO-
BPEMEHHOI'0 YEJIOBEKa, B 3HAYMTEJIbHOW CBOEH Mepe OXBAaUE€HHOI'O CTPACThIO MO-
TPeOJISITh, MOTPEONSATh U TOTPEONIATh (KOHChIoMepHu3M). [loaTomy 03a00ueHHBIC
TUM OEeCMEepCHeKTUBHBIM OYAYIIUM YYEHBIE PAa3HBIX CIEIHATIBHOCTEH CTPOSIT,
(GOpMUPYIOT pa3iIruHbIE MPOTPaAaMMBI TJI00ATBEHON YCTOMYUBOCTH (IKOJIOTHS, KO-
HOMHKA, COIIMyM), KOTOpbIe€ B OOJBIIEH CTENEeHH, YeM MpeablAylue OIOKH-
IpPOrpaMMbl, MOTYT OBITh PEaM30BaHbI TOJBKO TJI0OAIBHONW KOHBEpreHIMenH Ha
HAI[MOHAJILHOM U MHTEPHAIIMOHAJIBFHOM YPOBHSX.

Heo0xogumocTh popmupoBanus yHUPUIHUPOBAHHOIO
SI3bIKA KOHBEPreHI MU

MexauciuruinHapHasl pupoJa MpoIleccOoB KOHBEPTEHIIMU / TUBEPTEHITNN
BBIJIBUTAET TPEOOBaHUS K (POPMHUPOBAHUIO YHU(DUIIMPOBAHHOTO S3bIKA OOIIECHUS
CHEIUANTKNCTOB Pa3IUYHBIX HAMpaBieHU. (7 3TOro He TOJNBKO HYXKHO OIpese-
JUTHCS C TIOHATUAMH, TEPMUHAMH, HO U HAUTH OOIIME KOHIIETITYaIbHbIC 3HAUCHUS
npo0JieM HAyYHOTO, TEXHUYECKOTO M T'yMaHUTAPHOTO Xapakrepa. ITO Hempocras
3a/laya MEHTAJIBHOTO XapakTepa. Ceiuac CyIIeCTBYEeT JOCTATOYHO XOPOIIIEee B3aH-
MOTIOHHMAHHE y CTICIIMAIMCTOB €CTECTBEHHOHAYUHBIX 00JlacTel 3HAHUN (MaTema-
TUKa, (U3MKOB U XuMuKoB). Ho u 31meck TpeOyeTcs Oonbias coBMecTHas paboTa.
WNHxeHepHbIe TUCHUIUIMHBI CYIIECTBEHHO 000COOJICHBI IPYT OT Apyra U OT €CTe-
CTBEHHOHAYYHBIX JUCIMIUIMH. YTO YK TOBOPHUTH O TYMAaHHUTAPHUSAX, JJISI KOTOPHIX
S3BIK MATEMATUKOB, (PM3UKOB, XUMHUKOB U WHKEHEPOB KAXKETCS MHOCTPAHHBIM. U
JIENI0 JaKe HE B TEPMHUHAX, a B 00pa3e MBICIIEeH, MUPOOIYIIICHUH U 1a’K€ MHPOBO3-
3peHun. B 3TOM ciydae yamie BCero y TyMaHUTApUEB U TEXHAPEW 3a/1€MCTBOBAHBI,
TJIaBHBIM 00pa3oM, pa3HbIe TIOTYIMIAPUS U YaCTH TOJIOBHOTO MO3Ta.

Heobxonumo mepecTpouTh MpUHIMI 00pa30BaHMs HA BCEX YPOBHSX OT JICT-
CKOTO cajia 70 BhICIIEH MIKOJbl. Heo0XoauMo cMeHUTh mapaaurMy oOpa3oBaHuS,
MEePEUTH OT MUCIUILIMHAPHOTO K MEXIUCIUIUIMHAPHOMY TIPUHIUITY 00ydueHus. U
peOeHOK B cany, B MIKOJE, CTY/ICHT B YHUBEPCUTETE JOJKHBI TIOHSTH, YTO YCTPOU-
CTBO MHpPa BO BCEX €r0 MPOSIBICHUSIX — 3TO €IMHAS, YPE3BBIUYANHO CIIOKHAS, MHO-
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TOYpPOBHEBAs, ABOJIOIMOHHO PAa3BUBAIOMIASICA CUCTEMA, KOTOPYIO HENb3Sl ONMUCATH
TOJIbKO 3aKOHaMH M (OopMyJlaMU MaTeMaTHKU, (PU3UKH, XUMHH U OMOJIOTHH. A
TOJIKO BCEMH BMECTE U €Ille MHOTMMH 3aKOHAaMH U 3aKOHOMEPHOCTSMH, KOTOPbIE
B MPUPOJE CYIIECTBYIOT BO B3aMMHOW CBSI3U, B3aMMHOMNPOHUKHOBEHHH. JTO HE
3HQYMT, YTO HYKHO FOTOBUTH TUJIETAHTOB. HeT — crnenuanucT A0jxKeH O4eHb XO-
pOIIIO 3HATh CBOIO 00JAaCTh JAEATEIbHOCTH, XOPOIIO MOHUMAaTh, KaK OHa CBA3aHa C
JIPYrUMU 00JIaCTIMU 3HAHUH.

OuyeHp 4eTKO MO 3TOMY MOBOAY CKas3aj OJWH U3 CO3JaTejied, OTLOB HAaHO-
TexHosiorui Dpuk [pekciep: «Cienyer v JOJKHO CTaThb MACTEPOM B OJHOM 00J1a-
CTU M 3HaTh MHOTO€ O Jpyrux». TyT KIIOYEBBIE CJIOBA «MAacTep» U «3HATh
o npyrux». Hanee Opuk JIpekciaep npopoixkaer: «Cienyer 1ymaTh 0 TpEX ypOB-
HAX 3HAHUM O TIpEIMETE:

— 3HaTh O Y€M STOT MPEJAMET, C KAaKOro pojaa (pu3MuecKuMu CHUCTeMaMu U
dbeHoMeHamu, SIBICHUSIMU OH UMEET JIeJI0, KAKOT'0 pojia BOIIPOCHI OH CITPAIIUBACT U
Ha KaKue OTBEYAET;

- 3HaTh COJICPKAHME MPEIMETa Ha KAYECTBEHHOM M KOJIMYECTBEHHOM YPOB-
HSIX, 9YBCTBOBATh KaKOT'0 poja SIBJICHUsI MOTYT UTPaTh POJIb B ATOM 00JaCTH 3HA-
HU;

- 3HaTh, KaK MOJIYYUTh OTBETHl CAMOMY, OCHOBBIBAsICh Ha BJIAJICHUM JOCTa-
TOYHOTO MaTepuralia U3 JaHHOTO MPEIMETA.

Ha 200 % cornacen ¢ JIpekcnepom. BooOrie-To, OH HU4Ero HOBOTO HE CKa-
3aJI, HO OYE€Hb YaCTO OYE€BU/IHASI MBICJIb U €CTh UCTUHA, YCTOSABIIASCA BO BPEMEHMU.
K coxanenuto, COOTBETCTBOBATh ONPENEICHUIO TPEX YPOBHEH KOMIIETEHIIMI MO-
I'yT HE MHOTHE BBIITYCKHUKH HAIIIUX BY30B, a 0aKalaBpOB IO OMPEIEICHUIO HEIb3s
CUMTaTh MacTepaMH CBoero jnena. Makcumbl Jlpekciepa TpeOyroT MmepecTporKu
BCEro Hamero oopasoBanusi. KauecTBeHHbIe U3MEHEHUS B COJIEPKAHUU, B Pa3BU-
Tin 1uBmwIM3anui X X1 Beka TpeOyOT OJJHOBPEMEHHO PEIlISHUs] BOTIPOCOB IMOIT0-
TOBKH CIIELUAIIMCTOB JIBYX TUIIOB:

- TlogroroBka nuIepoB, TBOPIIOB C SHIMKIONEIUYECKAM OOpa3oBaHUEM,
MYJIbTH- U MEXIUCIUTUIMHAPHBIMU 3HAHUSAMH, CIIOCOOHBIX 0003HAYUTh, 0OOCHO-
BaTh KOHIIEMIIMU MEralpoeKTOB U BO3IIABUTh UX peanu3aiuio. Hacrosiiee BpeMs
BHOBB TpeOyeT cBoux JleoHnapmo na Bunum, JlomonocoBeix, KypuaToBsix, Kopo-
neBwiX, poH bpayHoB. be3 HUX HuKy/a. YclenHbIle MEHEKEPhI C TYMAaHUTAPHBIM
o0pa3oBaHHEM HE MTOMOTYT.

- TlonroroBka mUpOKOro Mpoduis CHEIUATHCTOB MO y4eOHBIM IUTAHAM
MEXTUCIUTUIMHAPHOTO TIPUHIIHIA, CTIOCOOHBIX pab0TaTh KaK CAMOCTOSITENIBHO, TaK
U B KOMaHJe (TBOPUYECKUX KOJUIEKTHBAX) MPU PEIICHUH IMIUPOKOTO Kpyra MexoT-
pacieBbIX U MEXAUCUUITMHAPHBIX MPOEKTOB. MeXIUCIUILITMHAPHOCTh B 00pa3o-
BaHWU OyneT crmocoOCTBOBAaTh (POPMUPOBAHUIO TMOTPAHUYHBIX HOBBIX OO0JacTel
3HAHUW, THHOBAIIMI, HOBBIX TEXHOJIOTUM U MPOTYKTOB.

B npouecce BBINMOTHEHUS Pa3MYHBIX MPOEKTOB HA OCHOBE KOHBEPIEHIIUU
NBICS-Texnonoruii u 0yner BbipadbaThiBaThCA OO, YHU(DUIIMPOBAHHBIN S3bIK
(MOHSATHS, TEPMUHBI), KOTOPBIA caM TOke OyJEeT UrpaTh POJib UHTErpaToOpa B MpoO-
1eccax KOHBEPIeHIH / JTUBEPTEHIIUH.
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IIporuos Priimonaa Kypugeiyia o pa3BUTHSA TEXHOJIOTHM
10 2099 roga

B 3axmrouenne o mepcrektuBax pasButuss HBUKC-texnonoruii B cBere
IIPOTHO3a OJTHOTO U3 CaMbIX aBTOPUTETHBIX CIECIHAIMCTOB MO MPOrHO3aM B oOJia-
CTU MHHOBaIUMi, TexHuueckoro aupekropa Google, Paiimonna Kypiseiina. MHo-
TUE €ro MPOTrHO3bl CETOJHS KaxyTcs (PaHTACTUYECKUMH, HO 3TOT aBTOP C UCKIIIO-
YUTEIHLHO BBICOKMM HUHTEIJIEKTOM U PEHOME B HAYYHOM MUPE Ka)Ibli U3 CBOUX
YaCTHBIX MPOTHO30B 0OOCHOBHIBAET.

Nneonornueckoit OCHOBOM 3THX MPOTHO30B SIBJISETCS JKCIIOHEHIIMAIbHAS
3aBUCUMOCTh CKOPOCTH pa3BUTHUS KOHBEpTeHTHBIX NBIC-TexHonoruit, npuBos-
IMX K pealbHOMY JCHUCTBHIO TPEX TEXHOJOTHYECKUX PEBOJIOIUN: TeHETHKA,
HAHOTEXHOJIOTHSI, pOOOTOTEXHUKA. DTH TPU TEXHOJIOTUUYECKUX PEBOIOIMHU HAXO-
JIATCS B TECHOW KOHBEPI'E€HTHOM CBSI3KE W pa3BUBAIOTCA 1O JKcroHeHTte. [lo mue-
Huto Patimonna Kyprupeiiina Mbl HaXOIUMCSI TOJBKO B Hadalie SKCIIOHEHTHI U JKC-
MOHEHITUAJIbHBINA POCT JOBOJIbHO 0OMaHuMB. OH MOXET HA4aThCS MPAKTUUECKH He-
3aMETHO, a 3aTeM OBICTPO YCKOPHUTHCS.

«3TO HEBO3MOXHO ObLTO OBl MPEICTABUTH PaHbBIIE, €CJIU CMOTPETh HA YaCT-
HBIC JICTaJIM, @ HE Ha OOIIYI0 KapTHHY. BIlogHE 04€BUIHO, YTO CKOPOCTh PA3BUTHS
TE€XHOJIOTUM pacTeT MO SKCHOHEHTE. XOTS MHOTME HENAJbHOBHUJIHBIC JIFOAU CUM-
TaOT, YTO TEXHOJOTHH Pa3BUBAIOTCS JINHEMHO, U UMEHHO IO3TOMY OHHM HENOOIle-
HUBAIOT Hallle OyayIlee», - CYUTAeT TeXHUuUecKuit upekrop Google.

2019 ron

- BerurcnurenbHas MOITHOCTh KOMITBIOTEPOB CTOMMOCTRIO 10 $4000 mocTu-
raeT 20 KBaJApWJUIMOHOB BBIUMCIECHUN B CEKYHAY. MUKPOKOMIBIOTEPHI OYIyT
BCTPAMBATHCS B OJCKIY, FOBEJIUPHBIC U3ETUsl, MEOENb U JJaXKe CTeHbI. JTO Kaca-
eTcsl Takke (OTO- M BUACOKAMEp, OOBEKTHBBI KOTOPBIX YMEHBINAIOTCS 110 Oyia-
BOYHOM T'OJIOBKH.

- JIronu monydar cucTeMbl BUPTYaIbHON peanbHOCTH, (hopMupyromue n300-
paXk€eHHEe HEMOCPECTBEHHO HAa CETYATKE IJ1a3a.

- [lonp3oBatenu OyayT 0OIIATHCS C KOMIIBIOTEpAMH Yepe3 JBYXCTOPOHHUIN
pedeBoii u )xecToBoi nHTEpdeiic (0e3 knmaBuatypsl). Kabenu u mpoBogHbIC HHTEP-
deticel mepedepruiiHbIX YCTPONUCTB MOYTH MOTHOCTHIO HCYE3HYT.

- OcHoBHOE 00yueHHe OyJeT MOCTPOCHO B BUJE TUCTAHIIMOHHBIX aJallTHB-
HBIX KypCOB YJaJI€HHOTO PacloJIOKEHHs TPEnoaaBaTeIe U CTyI€HTOB.

- Cnenpie U CaOOBUSIIME JIIOAU C TTIOMOIIBIO OYKOB OYIyT ONIyIIaTh pe-
aJbHBIA MUP C NOMOILIBIO peuu. [ IyXue CTaHyT UCHOJIb30BaTh HOCHUMBIE YCTPOW-
CTBa, MPeoOpa3yIollIe peub B TEKCT WIH 3HAKU, a MY3bIKY B 00pa3bl WM TaKTHJIb-
Hble ourymieHus. [losIBUTCS MCKyCCTBEHHas ceTyaTKa ria3a, OMOHUYECKOE yXO U
OpYTrue HEUPOUMILIAHTHI.

- luBanuipl ¢ MOBPEKICHHBIM MO3BOHOYHUKOM CMOTYT XOAUTH C MOMOUIBIO
AK30CKEJIeTa, YIPaBIsIeMOro 4epe3 UHTep(eic MO3r-KOMIBIOTEP WIM HEMOCPE-
CTBEHHO KOMaHJ0M OT COOCTBEHHBIX HEPBHBIX OKOHYAHUH.
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- IlosiBATCA MHOTOYMCIEHHBIE YCTPOMCTBA OOpPAaTHON TaKTHJIBLHOM CBS3M.
Hanpumep, nepyaTku Wi UENbIe KOCTIOMBI, TPAHCIUPYIOIINE YJAJCHHBIE MPU-
KOCHOBEHUSI, KOTOpbIe OyAYT MCIOJIb30BaHbl B CUCTEMaX BUPTYyaJbHOM peasibHO-
CTU U 1Jis1 0oJee SMOIMOHAIBLHOTO OOLICHMS JIOJEH uepe3 MHTEPHET, BKIoYast
BUPTYAJILHBIN CEKC.

- KpeMHMi1 U3 MUKPOAIIEKTPOHUKHU OYJIeT BHITECHEH OOBEMHBIMU pelleTKa-
MU U3 HAHOTPYOOK. BMeCTO TpauIIMOHHBIX aITOPUTMOB MacCOBO HAUHYT UCTIOJb-
30BaThCs MAPAIJICTbHbIC HEHPOHHBIE CETH U TEHETUYECKUE aJITOPUTMBI.

- CucteMbl aBTOMaTHYECKOTO MEPEBOAA CTAHYT HACTOJIBKO () (PEKTUBHBIMU,
91O OYIyT MIMPOKO MCIOJIH30BaTh B MPO(ECCHOHAIBHBIX 00JIACTSAX U MOBCEIHEB-
HOW KW3HMU.

2021 ron

- Jloctynn B uHTepHET Oyner mocrymneH ¢ 85% 3emHON moBepxHOcTH. OH
CTaHEeT MPEUMYIIIECTBEHHO OECIIPOBOIHBIM U OYEHb JelieBbIM. DopMaIbHO oriaTta
3a HETro Oy/IeT CIUCHIBATHCA aBTOMATUYECKH.

- KomnibroTepHble IporpaMMbl Hay4yaTcsl CO3/1aBaTh MPEAMEThHI UCKYCCTBA Ha
YPOBHE COBPEMEHHUKOB WM Jaxke yyuiie Hux. [logBsarcs co3nanubie AL kaptu-
HBI, MY3bIKaJIbHbIE KOMIIO3UIIUU U CKYJIBITYPHI.

- bymaxkuble KHUTH CTaHyT papuTeToM. OCHOBHBIM CpPEJICTBOM ISl MPO-
CMOTpa TEKCTOB OyAyT TOHKHE JIETKUE JUCIIJIEH C OYCHb BHICOKUM Pa3peIICHUEM.

2022 rog

- POGOTHI cCTaHyT NPUBBHIYHBIMU KaK JJOMAIIHUE KUBOTHBIE.

- BynyT npuHuUMaTbcsl HAlMOHAIBHBIE 3aKOHBI, PETYIUPYIOMINE B3AUMOIEH-
CTBUSI MEXKY JTIOABMU U poboTaMu. HeckobKko paHbllie 3TO MPOU3ONIET C BUPTY-
aJIbHBIMHU NIEPCOHAKAMMU.

2024 rox

- CucTemMbl aBTONMWJIOTA U MIOMOIIM BOJUTESM OYyAyT HIUPOKO pacipocTpa-
HEHBI B JIETKOBBIX, TPY30BbIX MAaIllMHAX M OOIIECTBEHHOM TpaHcmopTe. B psme
CTpaH JIIOJIIM BOBCE 3aMpeTAT YNPaBIsATh aBTOMOOMIEM 0€3 3JIeKTPOHHOIO acCu-
creHta Boautens. B mepuoa 2020-2025 rr. mosBATCS KOMIIAKTHBIE MEPCOHATIBHbBIC
JeTaTeNbHbIE anapaThl.

2025 ron

- Hocumas snektpoHuka OyneT BBITECHATHCS UMIUTaHTHpYyeMou. Hayuumcs
3¢ PexTUBHO OOPOTHCS € MpoIlecCaMu CTapeHust U OyAeM MPOJIIEBATh KU3HbB C TMO-
MOIIIbIO HAHOPOOOTOB M IPYTUX TEXHOJIOTUH, KOTOPHIM MOKA HET JJa)Ke HA3BaAHMS.

2028 rox

- AlpTepHATUBHAS SHEPIreTHKA CTAaHET OJTHOW U3 KIIOUEBBIX TEXHOJIOTUN IS
Pa3BHUTHS BCEX OCTAIBHBIX. JTO OyJeT MOMUHUpYOIIEH KoHlenuued. CoHeuHbIe
OaTtapen CTaHYT HACTOJBKO 3(PPEKTUBHBIMH, YTO WX XBATHT HA MOKPHITHE OOJIb-
1IEW YaCTH YHEPTETUYECKUX 3aTpart.

2029 rox

- Kommerotep 3a $1000 OyneT Ha MOPSIOK MPEBOCXOIUTH MO3T CPEIHETO
YyeJioBeKa B OOJIBIIMHCTBE 00JaCTEeH.
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- MopenupoBaHue MoO3ra CTaHET Topa3/lo TOouHee. byayT omnpezneneHbl
(YHKIMU COTE€H pa3iu4HbIX CYOpPErHOHOB, AJTOPUTMBbI UX Pa3BUTUS U PAOOTHI
Hamiero mo3ra. Onu OyayT pacumpoBaHbl U BKIIOYEHBI B aIrOPUTMbl HEHPOH-
HBIX CETEH.

2031 ron

- MHorue moau 700pOBOJIBHO CTaHYT KUOOpramu, a u3-3a OOWIMs UMIUIaH-
TOB OyZI€T EPEOCMBICIIEH U CaM TEPMHUH «YEJIOBEUECKOEe CylecTBO». Opransl 0y-
JyT U3TOTOBJISITH MAIIUHBI B JTI0O00H KPYIHOM OOJILHHUIIE.

- [osiBATCSI KOMITBIOTEPHBIE UMILJIAHTHI C MPSMBIM MOJKIIOYECHUEM K MO3TY
U OTIENbHBIM Tpynnam HeWpoHoB. OHM OyAyT CIOCOOHBI HAJENHUTh YeIOBEKa
CBEPXCIOCOOHOCTSAMU — YCUIIUTh BOCIPUSATUE, YAYUIIUTh AMSTh, YBETUIUTh CKO-
POCTh PEaKIMKU U COKPATUTh BpeMsi 00ydeHUS.

2033 rox

- Kommnbrorepsl cranyT o0ydaThes 6e3 uenoBeka. Hebuonornueckue Gpopmbl
UHTEJJIEKTa OOBEAMHIT TOHKHE OpraHU3allid 4YeJIOBEYeCKOro pa3ymMa cO CKOpO-
CTBIO, TITAMSITBIO M OE3rPaHUYHBIMUA BO3MOXKHOCTSMHU OOMEHA 3HaHUSIMU MaITUHHO-
ro unresiekra. [IpakTuuecku Bce aBTOMOOUIIN CTaHYT CaMOYTIPaBIIsiEMbIMHU.

- CenbCKOXO035UCTBEHHBIE PAa0OTHl U CUCTEMBI TpaHCHopTa OyAyT MOJIHO-
CTBhIO aBTOMATU3UPOBAHBI.

2034 ron

- PazButne N (MCKyCCTBEHHBINM MHTEIUICKT) IPUBEJIET K MOSBIICHUIO 00IIIe-
CTBEHHBIX JBWKEHUH 3a MpaBa MamuH (mpodcoro3sl poOoToR!).

- I'moGanpHass mnporpamMma OpOUTAIBHOW 3amuThl OyaeT 3h(eKTUBHO
NpeIoTBpaIlaTh MajeHrne Ha 3eMITI0 KPYITHBIX METEOPUTOB U aCTEPOUIOB.

2038 rox

- TpancrymaHu3M CTaHET OJJHUM M3 HallpaBicHUH. HelpouMIUIaHThI 1T03BO-
JseT ObICTpee MoJIy4yaTh JIIoOble crenuduieckue no3Hanus. KieTku Tena MoKHO
OyJzeT 3amporpaMMHUpPOBaTh Ha HOBBIC ()YHKIIMH U JICUCHHE OOJIe3HEH.

2041 rog

- NuTepHer Tpaduk Bo3pacTeT B COTHU MHJIJTMOHOB pa3, a MOMCKOBBIE CH-
CTeMBI OYyT BCTPOCHHI MOBCIOY. 3apOChl HA HUX MOYKHO OyZIeT OTChUIATH JaKe
CUJION MBICJIA YEPE3 BCEMUPHYIO CETh.

2045 ron

- [TepBas peanuzanus GpuU3UIECKOro OeccMepTHsi, HAHOPOOOTHI OYAYT TTOMO-
raTh MPEoA0JIeBaTh AloINTO3 U 3aIIHIIATh OPTaHU3M OT JIFOOBIX HETaTUBHBIX BO3-
JNEUCTBUU.

2049 rox

- Ena Oyner nmpousBoauthesi (accamMOIMpOBaThCs) HAHOPOOOTAMU M3 TO/I-
PYUYHBIX MaTepuayioB. Takas nuima OyaAeT HEOTIIMINMA OT KIIPUPOTHOI», HO MOKET
OBITh KaK YroJHO BHJIOM3MEHEHAa MPOCTONW MoAu(UKaIMeil mporpamm (KajJopuii-
HOCTh, BKYC, COJIEp’KaHH€ aMUHOKHCIIOT, BATAMUHOB, MUKPOAJIEMEHTOB, (pepMEH-
ToB). TemM caMbIM pemuTcs npoodsiema rojojaa, MPOU3BOJCTBO MUILKA CTAHET HE3a-
BHUCHMBIM OT KJIMMATa, MOT0JIbl U HAJTUYUS IPUPOIHBIX PECYPCOB.
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- CoTpyTcsi TpaHULIBl MEXAY pealbHBIM MHPOM M «BUPTYaJIbHON peaabHO-
cThio». Bece gusznueckue 00BEKTHl CMOTYT BBINOIHATh HEMEJICHHYI0 CaM0O000pO-
HY WJIA U3MEHEHUE CBOMX CBOMCTB.

2072-2099 rox

- HanotexHonoruu nopoasatT MUKOTEXHOJOTHH. Jto11 CMOTYT MaHUITYJIUPO-
BaTh CTPYKTypaMH, Pa3MEPHOCTHIO B OJHY TPWLIMOHHYIO JOJIIO MeTpa (ceiyac
HAHO - OJTHa MWIJIUApAHAs YacTh METpa).

- Mpiienue yeaoBeka He OyneT o0iaaaTh MPEUMYIIECTBOM IEpPel UCKYC-
CTBEHHBIM pa3zyMoM. JIIOAM ¥ MalIWHBI COJIBIOTCSA HAa BCEX YPOBHAX ObITHS. MHO-
rUe JIIOJHU MEePeCTaHyT CYIIEeCTBOBATh B MOCTOSIHHON (opme, a OyayT CyIIecTBO-
BaTh B BUJE nporpamm. Mx coznanue OyneT CriocOOHO KOHTPOJIMPOBATH Cpaszy He-
CKOJIbKO pa3HbIX (PU3MYECKUX TENl U CO37aBaTh HOBbIC. ['paHUIBI MEXAy Belle-
CTBEHHBIMH MPOSIBIICHUSIMHU JIMYHOCTEH MOCTEIEHHO CTUPAIOTCS, OATOMY HEBO3-
MOKHO TOYHO OTPEJIETUTh, CKOJIBKO JIFOICH KUBET Ha 3eMJIe U 3a ee MpeeiaMu.

- Haunetcs spa TEXHOJOTMYECKON CUHTYJSPHOCTH, KOTOpPAasl pacrlpocTpa-
HUTCS 3a MpeJebl 3eMJIM BMECTE C 4eJIoBe4eCTBOM. CHUHTYJISPHOCTh — 3TO MEPHO/T
Omkaiiiiero Oyayiero, Korjga CKOpoCTh TEXHUUECKOTO Pa3BUTUS OyI€T HACTOJI b-
KO BBICOKA M U3MEHEHHS OKPYXAIoIIero Mupa OyayT HACTOJIBKO (pyHIaMEHTasb-
HBI, YTO ATO KapJAMHAIHHO W3MEHUT BCE HAIlle CYIIECTBOBAHUE 32 OYEHb KOPOTKOE
BpeMs. CHHTYJISpPHOCTh MU3MEHHT HAIll MUP HaBCETJa, Halll B3TJISAJ Ha MPOIILIOE,
HaIIl B3I Ha Oyayliee ¥ U3MEHUT caMO MOHSTHE KU3HU B IeJIOM. MHOTHUM JI10-
JSIM TSDKEJIO TIOHSTh, MoYeMy 3To Tpowm3oiaer. Ho 310 HenzOexHO Tak ke, Kak
BOCx0J1 conHIa. M yxe ceiiuac Mbl BUUM TEPBBIC JIYYH 3TOTO COJIHIIA B BUJE BCEX
TeXHoJorui nmocienuux 20 jer.
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AnHoTanus: B pabore paccMOTpeHbl pa3iuyHbIE ACHEKThl PAa3BUTHS
HayKH, KaK HEMPEPHIBHO pacIIpstonieicss cepsl co3HaTeNbHOro 3HaHuUs. Pac-
CMOTpPEH CYOBEKTHBHBIN aCMEKT Pa3BUTHUsI BCEH HAayKH, ONpeAessieMblii BHIOOPOM
WHJUMBUJIyyMa 3aHUMAThCS CaMOOOpa3oBaHUEM Ha 0a3e YCTAHOBJICHHBIX HAaYyKOM
WHBAapUaHTOB. PaccMOTpeH MeTo 1 OTpakeHUs] 00bEKTUBHOM pealibHOCTU — EnuHoM
[Tpuponpl B BUje MHOTOMEPHOU c(hepbl KaUECTBEHHBIX M KOJMUYECTBEHHBIX OTHUCA-
Huit [Ipupoasl Ha 6aze HBAPUAHTOB, MPOJAEMOHCTPUPOBAHHBIN HA OMMCAHUU JBYX
e€ ceueHuit: GU3MYECKUE PA3TUUUs pa3HbIX MACIITa00B U pa3BETBICHUE HA )KUBOE
¥ HeXKMBOE Ha HaHOMaciTade. B pamkax mpeaioxKeHHbIX MPeICTaBICHUHN MMOKa3aH
croco0 orpeaesieHus WHIUBUIYAIbHON I€H, BEIYIIEeH K paclIupeHuto o0miei
chepbl 3HaHWI, M ONMKMCaHA TPACKTOPHS MyTH PEIICHHS 3aJlauyd IO JOCTHKCHHUIO
sToil nenu. [lokazaHo, 4TO YEIOBEUECTBO HAXOAUTCS HA CTaJAUM PErpecca M 4UTo
ATy HETaTUBHYIO JUHAMUKY MOKHO HUCIIPaBUTH (HOPMUPOBAHUEM HAYUHBIX IIKOJI.

KiarwueBble caoBa: IlpencraBnenus, [lpupona, Hayka, CyOBEKT-yuEHBIH,
cdepa 3HaHUHN, TMHAMUKA.

Methodology of science

S.V. Ordin
senior research scientist
A.F. loffe FTI RAS
stas_ordin@mail.ru

Abstract: The paper considers various aspects of the development of sci-
ence as a continuously expanding sphere of conscious knowledge. The subjective
aspect of the development of the whole of science is considered, determined by the
choice of the individual to engage in self-education on the basis of invariants estab-
lished by science. The method of reflection of objective reality - Unified Nature in
the form of a multidimensional sphere of qualitative and quantitative descriptions
of Nature on the basis of invariants, demonstrated on the description of its two sec-
tions is considered: physical differences of different scales and ramification on the
living and nonliving at the nano scale. Within the framework of the proposed rep-
resentations, a method is shown for determining an individual goal, leading to the
expansion of the general scope of knowledge, and a trajectory of the way to solve
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the task to achieve this goal is described. It is shown that now the mankind is at the
stage of regression and that this negative dynamics can be corrected by the for-
mation of scientific schools.

Keywords: Representations, Nature, science, subject-scientist, sphere of
knowledge, dynamics.

IIpeamOysa

Pa3nuuHbIM OCBOEHHBIM M HCMOJIB30BAHHBIM MHOIO B IPOLIECCE HAYYHOU U
OKOJIOHAYYHOH JIESATEIBHOCTH YKCIEPUMEHTAIBHBIM U TEOPETUUYECKHUM IMOIX0aM
U METOJlaM, MOCBsIIeHa Ooblias yacTh U3 Moux 150 HaydHbIX myOnukanui u 68
Hay4HO- U OKOJIOHAy4HO-NONyJIspHBIX cTaTel Ha caiite HOP. IlpocTo nepeuuncne-
HUE BOIIEAIIUX B MyOJIMKalMU 3aHSAI0 Obl MHOTO MecTa. A BCE€ MCIIOJIb30BaHHbBIE
MHOM 3a noutu 50 JIET KU3HU B HAYKE TEOPETUYECKUE U IKCIEPUMEHTAJIbHBIE Me-
TOJIbI ONHUCATh, MSTKO TOBOPS, CIOXKHO. J[ake nmpocToMy pabodyemMy UK CETLCKOMY
TPYXKEHUKY MPUXOAUTCS BCE BpeMs Ha XOAy YTO-TO M300peTarh, a mnpu Hedop-
MaJbHOM BEJICHWU HAy4yHOUM paboThl, TeM 0oJiee B HAIIMX CTECHEHHBIX ceiuac, aa
U paHee, YCIOBUsIX, 0€3 M300peTeHHs] U3MEPUTENIbHBIX YCTPOMCTB, pa3roHa KOM-
IBIOTEPOB, Pa3padOTKH U TEXHOJIOTHYECKUX, U MATEMATHYECKUX MPUEMOB U C Me-
CTa HE CIBUHYTHCA. DTUM BO MHOTOM OTJIMYAJUCh HAy4YHbIE HCCIIEIOBAHUS B
CCCP — mbI «ni€pau» HE M0 NPOTOPEHHBIM JOPOTaM, HE CTECHSUTH ceOsl cTaHIapT-
HBIMH METOJMKaMH U MpUOOpamu, a, Kak camo cOOOM, X MOJEPHU3UPOBAIH, J0-
BOAWIM J10 COBEpPUICHCTBA M JOa)ke 3aMeHsuiM. llpu 3TOM, yalie HUKAK 3TO HE
o opMJIsisi MPOMEXKYTOUHBIE PE3YJIbTAThl HU B NMAaTEHTHI, HU B HAYYHbIE CTaThH, MO-
TOMY YTO JIJIsl TITyOOKOTO OCMBICTEHUSI U 0OPMIICHHS OBIJI0 HAMEYEHO UCITONIh30-
BATh KOHECYHBIN MPOYKT PELICHUS TOCTABICHHOW 3a/1a4H.

Bot nmouemy, korna «BopoTa» B cTpaHy ObLIM HACTEXKb PACMaxXHYThl, K HAM
B AKaJeMHUIO0, KaK HAa HUCHBITATENbHBIA MOJUTOH, MPOCTO XJIBIHYJIW WHOCTPAHLIBIL.
Bot nodemy ecnm Obl He akajgemudeckoe pykoBojacTtBo, To PAH B 3omoTe kyma-
nack ObI, a HE MOMpPOIIAaiHNYaNIa y TOCYIapCTBEHHOTO PYKOBOJCTBA,. M Bech 3TOT,
3aCTPSABILIUM Y MEHS B I'OJIOBE MPOMEKYTOUHBIN METOIUUECKHUM «XJIaM», TAKKE KaK
Y COTHS NAIOK C MPOMEXKYTOUHBIMHU PE3yJbTaTaMU HUCCIIEIOBAHUU, 5, IO MEpe
BO3MOXHOCTH, IPUUYECHIBAIO U BBIBAJIMBAIO B MOMYJISIPHBIX CTAThsIX HA FOJIOBBI YH-
TaTeJIeH, B HANEXKAE, UYTO KOMY-TO M3 MOJIOJIBIX 3TO IIPUTOJAUTCS, a KOE-KOr0 J1axKe
MOJIBUHET 3aHATHCS CTOJIb HEOIAroJapHbIM B Hallle BpEMs JIeJIOM — HaAyKoil. XoTs,
T.K. Opu HbeIHemHeM ynaake PAH mpeeMcTBeHHOCTh, oOecrieunBaromias paHee
HEIIOCPEACTBEHHYIO Iepelady dTOTO «XJIaMa» CICAYIOIHUM ITOKOJIEHUAM HCCIIE0-
BaTesel, HapylIeHa, «MeJIKUe» JeTall, KOTOPbIe MOTJIA Obl BBUIMTHCS, BO3MOXKHO,
B HOBBIC OTPACJIM NMPOMBIIIJICHHOCTH, KaHYT B JieTy. HO Tak kak s emé He npekpa-
TWJI Tiepe, cOO00M CTaBUTh MPUHIUIIUAIBHO BaXKHbIE B MOEM MOHUMAHUU 33Ja4H, U
MPOAOJDKAK UATH K X PEIIEHUIO, TO TPATUTh MHOT'O U3 OCTAaBIIETOCs Y MEHA Bpe-
MEHU Ha nepeaavy «xjama» He Mory. [IoaTomy s m pemni cenath HEeKOTOpOoe Me-
TOJIOJIOTMYECKOE PE3IOME, KOTOpPOE Obl MOMOIJIO XOTh 110 OCHOBHBIM IMPUHIUIIH-
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albHBIM MOMEHTaM, a B JETaISIX IMyCTh OyAylIuE IMOKOJEHUS CAMH HaIpsTraroT
MO3KEYOK.

Heo0xonuMocTh HamMcaHUsl TAKOTO METOI0JIOTUYECKOTO PE3IOME CBSI3aHA U
C TEM, YTO KOTJIa 1 BHOBb BBIHBIPHYJI U3 3aHATUN YUCTOU (PU3UKOM, TO OOHAPYKNUJI,
YTO YK€ OTpakaJl B CBOUX CTAThX, UTO «OOJIbHA» HE TOJBKO COBpeMEeHHas (u3u-
Ka, a ¥ HayKa LEIUKOM. DTO C OJHOM CTOPOHBI, €CTECTBEHHO, TaK KaK Hayka IO
00JBIIOMY CUETY €CTh CO3HATeIbHOE 3HaHue o eauHou [Ipupoxe u, cienoBaTenb-
HO, KaK MOHsUI elé ApUCTOTENb, eArHa. M XOTs MOTOM OH caM K€ U Hayal JIpo-
ouTth e€ Ha yactu: JTUKy, Pu3uky U Metadusuky (B ero noHUMaHuu Bcsl HeDU3HU-
ka [Ipuposnbr), HO Uik MeToAuYecku. Equna ke Hayka BO BCEM, B TOM YHCIIE U B
CBOMX OOJIE3HSIX.

C npyroil CTOpoHbI, I MOYYBCTBOBAJ HEKYIO BUHY 332 (PU3UKOB 3aCTOMHOTO
nepuojia HayKu, KOTOpbIe, MOMPOCTY TOBOPSI, BTUPAJIA OYKU U, TEM CaMbIM, MHO-
rue COnpsKEHHbIE «HEe(U3MUECKUE» HAYKU, a METOJIOJIOTMYECKH KOraa-To pu3nka
OblIa camasi MPOJBHUHYTasi, TOXKE OMYCTUNIM. Tak 4To €cTh HEOOXOJAMMOCTb He-
CKOJIbKO peabMIUTUPOBATHCS 332 PEMECIEHHUKOB OT (PU3UKH U cleNlaTh OOIIeHa-
y4HOE MEeTOo/10JI0rHueckoe pestome. M cpazy oroBoproch, 4To IUILly 3TO PE3IOME HE
JUTSI PEMECIIEHHUKOB OT HAaYKH, CIEIIaluX TOCKopee M03aduBaTh MOOO0JIbIIE HAY Y-
HBIX TBO3JIMKOB, HAa KOTOpbIE ceOsl k€ Ha HUX 3a IIKUPKY U MOBECAT B «BUIHOM
MecCTe, a JUIsl Te€X, YbM Hay4YHbIC TPY/bl OyAyT BUAHBI U MOCJIE UX KU3HHU, KOTJIa O
«HAy4YHBIX T'BO3/IMKAaX» J1ak€ M BOCIIOMMHAHMUN HE OCTaHETCs, U UX OyAyT pasblc-
KHBaTh B apXUBaX JIUIIb JOTOIIHbIE OYKBOEIBI.

CemaHTHKA M KOMIIBIOTECPbI

Hauny nmoctpoenue, onsiTe *e, HE KaK XO4eTCsl HayaTh, CTPOrO JIOTUYECKH, a
C BBIHYXJIEHHOTO OTCTYyIUIeHUS. Eciu Ha HayaabHOM 3Tane KOMIIbIOTEpU3alUU
BO3HUK HEKUM MUPPOBON HI€aTU3M — UCKPEHHSS BEpa B TO, YTO C TOMOIIBIO KOM-
npI0TEpa paHee HEMBICIMMBIC 3a7a4i OyAyT JIETKO PEIICeHbI, TO ceidac HacTaia
1opa KOMITBIOTEPHOTO J1eOMIN3Ma — MOJHOM YBEPEHHOCTH, YTO HET TaKuX 3ajad,
KOTOpBIE HE IO CUJIaM KOMIIBIOTEpaM, B TOM YMCJIE U IO 3aMEHE PEAIIbHOCTH Ha
BUPTYaJbHYIO: B 3aTXJION peajbHOCTH TMOJHAS MPoOJieM 3aHyIHAs KU3Hb, U3 KO-
TOPOH, TKOOBI, KQXKJIBIN MBITACTCS KyJa-TO BRICKOUYUTD JTUOO C TOMOIIHI0 HAPKOTH-
KOB, TUOO C TOMOIIEI0 0€3yMHBIX TOHOK M MTPOYETO, a B BUPTYAJIIbHON PEaIbHOCTH
«TOJHAs» cBO0O/IA U «HEOTPAaHMYCHHBIC» BO3MOKHOCTU — HAJO JIHUIIb MPOOUTHCS
Ha CJICIYIOIIUN YPOBEHb KOMIIBIOTEPHOM UTPHI.

KopoTkoe pe3toMe: U1 KOMOBIOTEPHBIA HACAIN3M, U KOMIIbIOTEPHBIN Ae0U-
JU3M — OECCMBICIICHHBI. B 0mmb0YHOCTH TTEpBOTO yKe yOe mmnch Ha pakTuke. B
OIMMOOYHOCTH BTOPOTO YOEHSTCS, €CIM BBDKUBYT (€CIHM 3aMETAT, YTO YMHUPAIOT
3akuB0). Ho w3 norukm BUOHO © cellyac, 4YTO YUCTO MPOrPAMMHO-
KOMIBIOTEPHBIMH METOJAMU MOYXHO IMOCTPOUTH JIMIIb MEPTBYIO CEMAHTHYECKYIO
ceTh, 3aUKCUPOBAB B HJlealie BCE CTApOe€ CO3HATENbHOE 3HAHME. 3arnoJHEHUE
MPONYUIEHHBIMHU STYEMKAMU CEMAaHTHUYECKOW CETH, 3alOJTHEHUE M CUCTEMAaTHU3alMs
chepbl 3HAHUI C TOMOIIBIO KOMITBIOTEPOB BO3MOXHO U Ja)Ke€ HY>KHO, a pacuiupe-
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Hue chepbl 3HaHUNA — HeT. Jlig TOro, yToObl KOMIIBIOTEPHI BBHIIUIA HAa YPOBEHB
pacuiupenus cdepbl 3HaHUM HE0OXOAMMO, YTOObI OHM CTalld >KUBBIMH, BO BCEX
aHax. JTO HE TOJBKO HE UCKIIOYEHO, HO Jlak€ BO3MOXKHO HeyMmbllUIeHHO. Ho
€CJIM JIIOJIIM TAaKUE€ HOBbIE palObl M ObLIM OBl HYXHBI, TO Mbl KOMIIBIOTEPAM HE
HykHbl. Kak ckazanm B «Matpuue» YMHBIN KoMnbloTep: «HaM HUKTO HE HY-
xeH!» U yK TOUHO HEe HY>KHBI HEPa3yMHO KUBYILHE JIIOJIU, Pa3Be UTO AJI1 3BEPUH-
1a.

CamooOpa3zoBanue

Kycouek nuyHoCTH (KIMHUYECKUH Ciiydail — mM30(peHnKa, Jake TaJlaHT-
JIMBOTO) KOMIIBIOTEPOM 3aMEHHUTH MOKHO, TaK KaK €ro «KyCOUYHOCTh» — OTpaKEHHUE
MPUHIIMITHAIBHOTO OTPAHUYCHHUSI, 32 TIPEJIENIbl KOTOPOTO OH B PEAIbHOCTH BBIUTH
He MoxeT. Camo00pa3oBaBIIYIOCS JTUYHOCTh HUKAKUM HEXKHBBIM CYNEPKOMITbIO-
TEPOM 3aMEHUTDH HENb34, T.K. €€ 0€3rpaHMYHOCTh B MPOIECCE 3aMEHBI PACITUPUTCS
3a IepBOHAYAIbHBIC, 10 MPEINPUHITON 3aMEHbI, PaMKH, U HaJI0 OyJIeT JIeNIaTh YKe
HOBBIN KommbioTep. 1 Tak 10 6eckoneynoctu. Ho B Hale n1e6uiapHOE BpeMs TJIaB-
HBI BOIMPOC, KOTOPBIA Ka)IbIH JOJKEH 3a/1aTh cede cam: «KemaeT jau OH camo-
00pa3oBbIBaThCSA WK TOoTOB Kak Calidep jedb B Karncyminy, U B HEro BBEAYT 3ampo-
rPaMMHUPOBAHHYIO, M TEM CaMbIM KIIMHUYECKH OTPAaHUYCHHYIO JIUYHOCTH 7).

Tenepp 1151 MOXKENABIIMX CaMOOOpPa30BBIBATHCS W YBHUJEBIIMX B 3TOM
CMBICJI CBOEM KU3HU... ITphl, Kak s yxe nucan Ha nopraine HOP, qis Mo3ros cuu-
Tal0 HE TOJIbKO HETOJIE3HBIMU, HO U BPEAHBIMU, T.K. OHU YBOJAST OT PEAJIbHOCTU B
UCKYCCTBEHHYIO IM30(pEHNI0. 3aHUMAThCS YIPAXKHEHUS MU MO3TOB HAJ0, Kak
yTpEeHHEW TMMHACTUKOW, HO Ha/J0 BO BpeMs Y4E€Obl. A 1O >KU3HU BHIOMPATH HAJO
3alHTEepecoBaBIMe TeOs HAyKu U MorityOxke pa3oOparbcs B ux Oasuce. 3atem,
0eryo Mmpoiiig Mo CTyNEeHbKaM B HayKe BBEPX, MPOBEPUTH UX HA BETXOCTb, 3arisi-
HYB B CMEXXHbIE€ HAYKM — HE YIUIM JIU TaM YK€ ropasao Bbie. [Ipu sTom TBopue-
CKOe pacuuperue cepbl 3HaHUH 3a CUET CTeHEPUPOBAHHBIX HOBBIX, paHEE HUKO-
My HE M3BECTHBIX M €CTh caMoe d(pheKTUBHOE caM0o0Opa3oBaHNE YEJIOBEKA pa3yM-
HOTO.

Ecnu camooOpa3oBaHue HE HAIOEIaeT ¢ TOAaMU, TO OHO YK€ BOWIET B IPU-
BBIUKY BIUIOTH /10 OOJIE3HH, HampuMep, AJblreiimepa (eciu apyrue 0oJIssuku Iu0o
caMOJICYEHUE YEeJIOBEUECTBA - MEJIUIIMHA 3TOT MPOIIECC CaMO0Opa30BaHMs HE OCTa-
HOBSIT).

Bbi0op nean

Hayxka, kax auHamMudeckoe pacmuperue chepbl CO3HATEILHOTO 3HAHUS He-
MBICIIIMa 0e3 Oe3rpaHnYHON CcaMO00pa3yIoIencs TUYHOCTH. A YCTaHOBJICHHBIC
0a30BbIC MHBAPHUAHTHI TTO3BOJISIIOT €M 3arIsTHyTh MAKCUMAITLHO JTaJIeKO U TIIYOOKO B
[Ipupony, BIUIOTH A0 TPaHUI] UX IPUMEHUMOCTH. BOT Ha 6a3e HUX U MOXKET caMo-
oOpazyroniasicsi JIMYHOCTb BBIOpATh MJis Ce0sl MHTEPECHYIO 1eNb-IPpobieMy, KOTO-
pas Oynetr HUYeM He XyKe BblOpaHHOU u3 crucka [Ipo6iem Beka unu Toicauene-
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TUSL (BOBMOKHO B 3TOT CIMCOK 3Ta LI€JIb M cama MpU 3TOM MNOMAAET WU €ro J0-
nonHUT). [lpu ycnoBuM eciiv U3 UCMOIB30BaHHBIX 0a30BbIX MHBapuaHTtoB DTU-
YECKUE ITPUHIUNIIBI He BBIOpOILIEHBI.

Apucrorens, cBelsd BClo HayKy BoennHo, DTUKY mnpocro Beimenwi, s
caMmocTosITeENbHOrO paccmoTpenust, Tak ke kak OU3UKY 1 METAOU3UKY. K
nocieaHe oH otHEC Bce nmpoune Hayku — HEOU3WKU, Ho cMMBOJIIMYHO, YTO U B
HUX OHa 00fA3aTENbHO MPUCYTCTBYET: XUMpU3UKa, OMopu3nka, MeruuuHcKas Qu-
3UKa U Tpouee, U npouee. Tenepb €CTh METOAUYECKUH pa3fie] HAyKu — MaTQU3u-
Ka, HO sl HE YBEPEH, YTO ApHUCTOTEND BhIAEAN MaTeMaTuky u3z ®MU3NKNU. Cumso-
an4Ho, uTo U1 OU3UKA, KOTOpYIO 5, MOKHO CKa3aTh O APUCTOTEINIO, IPUBHEC B
Hayku DKOHOMUKA u TTOJIMTUKA, oduinanbHo B HUX HE BXOAUT. Tak 4To
OTCYTCTBUME B HUX KaK ATUYECKMX HMHBAPHUAHTOB, TaK U (PU3NUYECKUX, SIBISETCH,
MOKHO CKa3aTh, MPSMBIM JOKAa3aTeIbCTBOM TOTO, 3TH O(QUIMATbHbIE HAYKU —
JDKEHAYKMH, a 0THOCHUTBH UX K ONUPAIONIEMYCS HA TEHOMHOE JYXOBHOE HA4ajo
NCKYCTBY Tto)ke Hukak Henb3si. COBpeMEHHbIE SKOHOMMKA U MOJIUTHKA — 3TO
00JIE3HH YeJIOBEYeCTBa, KOJJIEKTUBHBIC MIM30(DPEHUYECKUE WIPhI C JIETAIbHBIM
ucxoqoM. 1 yeM panblle 4eI0BEYECTBO NONPABUTCS, TEM AOJIbIIE IPOKUBET. XO-
Ts1 110 jjoruke XXU3HU (GeckoHeuHOM) eMy HaJl0 TIePEPOIUTHCS.

B ncTHUHHYIO HayKy BC€ HalJICHHbIC JIOJbMU MHBApPUAHTBI BXOIAT KaK Op-
TOTOHAJIBHBINA penep cepbl 3HaHui, onuckiBatoieil Enunyto Ilpupony. Tak BoT,
MaKCHUMAaJIbHO OEpekHO OTHOCSICh K YCTAaHOBIEHHOMY 0a30BOMYy HabOpy MHBapH-
aHTOB, HO TMOCTOSIHHO JIep>Ka B yMe€, UYTO MX Ha0Op B NPUHIIMIE, pacUIUpseTCs,
MOKHO BBIOpaTh 3a7ady OINUCAHHUS HE OMHCAHHOTO paHee WU MPOTUBOPEUHUBO
onucanHoro sisiaeHus B [Ipupozae n OOmiecTBe (B caMOOIMCAHUU YETIOBEKA pa3yM-
HOTO M KOJIJIEKTUBOB). Tak o01ias 1esib HayKu — paciupeHue chepbl CO3HATENb-
HOTO 3HaHUS KOHKPETU3UPYETCS/MaTepUAIN3yeTCs] B MHIMBUIYAIHLHOM PEIICHUH
nocTaBJIeHHOM 3ajaun. M Tem caMbIM cdepa 3HaAHUN pacHIupseTCs MPU OJHOBpE-
MEHHOM €€ YKpEIUJIEHUHM — 3a CUET CUCTEeMAaTH3allMi 3HAHWM YBEJIMYMUBAETCS IO-
BEPXHOCTHOE HATsDKEHUE c(epbl 3HAHUN. YBEJIMYEHHE DTOT0 TOBEPXHOCTHOTO
HATSDKEHUS, B TPUHLUIIE, MENIAET BBEACHHUIO HOBBIX HWHBAapUAHTOB, HO €CIIH
«OKU3Hb 3aCTaBJSIET» UX BBECTH, TO 3TO HE MPHUBOJIUT K pa3pyLICHUIO chepbl 3HA-
HUH (K JIONAHbIO IIApPUKA), a MPUBOJNUT K IMOSBICHUIO HOBOW HE3aBUCUMOM KOOP-
JIUHATBHI, T.€. K YBEJIMUCHUIO pazMepHocTH cdepbl. [loaToMy Besikue Tam 3asBICHUS
00 o4yepeHOM OTKPBITHUH, OIPOBEPralolIeM BCE 3aKOHBI (PU3UKHU — JETCKUM JIeTIeT
HeoOpa30BaHHBIX JIIOJICH, KaKOW Obl «BHIIHBIN aBTOPUTET» 00 3TOM HE 3asBISI —
caMOpa3pylleHHe HE €CTh LeIb HAYKH BOOOIIE U caMO-00pa3yIoLEerocs 4eaoBeKa
Pa3yMHOI0, B 4aCTHOCTH. [[pyroe neno, 4ro y4é€Hble HEPEIKO MAYT Ha caMopas-
pYLIEHHE pajau paclIMpeHus cheppl 3HAHUN YETOBEUECTBA, U 3TO UX POJAHUT MPO-
CTO C MOPSAJOYHBIMM JIFOABMH, KOTOPBIE PAJM CHACEHUS YbEHU-TO KU3HU T'OTOBBI
IIO’KEPTBOBATh CBOEW, W NMPOTUBOIIOCTABISAET IIPOCTO HEMOPSAIOYHBIM, T'OTOBBIM
Jake LEHOI0 YbUX-TO KM3HEW mpocTo obecneunth cebe Omaromomyuue. [loaco-
3HATEJNBHOE JyXOBHOE HA4Yajg0 y MCTUHHBIX YYEHBIX COCTABISAET €AUHOE LIEJOE C
IIOCTPOEHHON UMH c(epoil CO3HATENBHOTO 3HAHUS, YTO M ONPEIEIsIeT 0yXOTBO-
PEHHBIN 00JIUK YYEHOTO U OJIArOpOJCTBO BHIOPAHHBIX UM IIENICH.
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TpaexkTopusi nyTH pelieHUN 3a1a49H

3ajada NTOCTUXKEHUSI TTIOCTABIICHHOMU 1€ B JIF000M cdepe uenoBeuecKoi ae-
ATeNBHOCTH HempocTa. Ho ecim camoorpaHuuuBaemib ce0si HEHAyYHOU NesTelNb-
HOCTbBIO, TO, BOJIBHO WJIM HEBOJBHO OTpaHUYUBACUIb ceOsi UTPOH B KEM-TO H3TO-
TOBJICHHbIE KYOWKH, KapThl, IIAPbl, KOMIBIOTEPHBIC UTPHI U MO KEM-TO YCTaHOB-
JICHHBIM MpaBujiaM. BOJBIIMHCTBO JIFOJEH TaK U JKUBYT, U HEIJIOXO XUBYT. U B
OTJINYKE OT MYYAIOUIUXCS TBOPIIOB «CBOOOJHO» IUIBIBYT IO TeueHuto. Ho yucto
Pa3yMHO-YEI0BEYECKOE HAYAJIO B HUX COXPAHSAETCS Ha MOACO3HATEIbHOM YPOBHE
U B AyXOBHOM cepe (OO HE COXpaHSETCs, TOTAA OHU «TBOPAT» B KPUMHUHAJE).
TpaekToputo moucka pemeHui TaKuX HEKPUMUHAIBbHBIX/KPUMUHAIBHBIX 3a7a4 S
paccmaTpuBaTh He Oyny. S KOCHYCh JMIIb 3a/1a4 B cepe CO3HATEIBLHOrO 3HAHUS,
OCTPOEHHOTO Ha 0a3e y’e YCTaHOBJICHHBIX HHBAPUAHTOB

[IpaBusibHO BBIOpaHHAs 1EJb SIBISETCS HEOOXOIUMBIM YCIOBHEM PEIICHUS
3a7a4d Mo €€ MOCTUMIKEHHIO, HO JAJEKO HE JocTaTouHbiM. Kak yucioBas och He
noJjiHa 0e3 UppalOHAIBHBIX YHCEN, TaK U JIF00asi Touka MHOTOMEpHO cephl co-
3HATENBLHOTO 3HAHMS HE MOJIHA 0€3 UppalMOHAIBHBIX 3HAYEHUHN U €€ «KOOpIUHATY,
u e¢ ¢ynkumii. [laxke BBIOOp yXke «IIPaBHIBHO»-PAIMOHATIBHO OMPEIeIEHHBIX
(«pa3pel€HHbIX») 3HAYCHUI Il KaKJI0OTO BCTYIAIOIIEr0 Ha MyTh MCCIEIOBAaHUN
BeCbMa HE NpocT. VI B HOpMAJIbHBIX YCIIOBHSX, KOT/Ia IPEEMCTBEHHOCTh HE Hapy-
IIeHa, CTAPTOBBIN BHIOOP PTUX «KOOPAMHATY/(PYHKIMI Kak pa3 U 3aJaéT HAYUYHBIH
PYKOBOJIUTENH (€CIIM OH TaKOBBIM JEHCTBUTEIBHO SBIsIETCs). Sl TUYHO W paHee, a
TeM OoJyiee Temepb Ha CTAPTOBOM JTale HUCCIENOBaHUN oOpamaics K KHUTaM
UMEHHO KopHu(eeB MPOIUIbIX JIET, HO B 3aroJIOBOK KOTOPBIX OHH HE CTECHSUIHCH
BcTaBsiTh DJIEMEHTAPHAS ... A yX noToMm, KO€-4TO TOMEPUB-IIOCUYNTAB MaK-
CUMaJIbHO HIMPOKO 3HAKOMMIICS C TaK HA3bIBAEMBIMH «PAOOUYMMH MOJEISIMU», B
KOTOPBIX HEKOTOPBIE «BUJIHBIE» PEMECICHHUKHA HEPEAKO JOMYCKAIu HECTHIKOBKHU
naxe ¢ JIEMEHTAPHBIM. B 3acToitHblii meproji cTago OOBIYHBIM SIBIICHHEM,
KOTJIa Ha TaKUX «pab0uuX MOJENSIX)» CTPOWIACHh U «HAyKa», U JakKe MPOMBIILICH-
HOCTb. A yCTpaHEHHE B HUX HECTHIKOBOK TPeOOBajO HE TOJIBKO YMCTBEHHBIX YCH-
JUH, HO W TMPEOJOJICHUS] MPOTUBOJAECUCTBUS PEMECICHHUKOB, KOTOPbHIE U «HAY4-
HBIC» CTETICHU, M «HAy4YHBIC)» M HEHAYYHbIC 3BaHUS, U JEHbI'M HA HUX 3apaboTaii.
Ho ecnm cBoii BBIOOp cenan B MOJIb3Y JTOCTHKCHHSI HAYYHOU II€NH, TO HAJ0 OBITH
FOTOBBIM K PELICHUIO U 3TOW MPAKTUYECKOW 3aJayd IO MPEOJOJICHUIO BA3KOCTHU
peMeciIieHHUYECKOoro 060J0Ta.

Ho naxe oTBiekasch OT TaKUX «MEJIOYEH» KaK TOPMOKEHUE PEMECICHHHU-
KOB, CaM MpoIecC MPOXOXKACHUS MO chepe CO3HATENBHOIO 3HAHUSI K HAMEUEHHOM
HEIU OpsIMO U3 MEPBBIX MNPUHIUIIOB MPAKTUYECKU HEBO3MOXEH. [IpuHIMMBI MO-
no0HbBI kKommiacy. Ho u B camoii cdepe 3HaHUI €CTh U «KOYKN», U «KOJIAOOUHBIY, U
«rOPBI», U «pacUIEINHBDY, ake UppallMOHaNIbHbIE (110 KpailHel Mepe, MoKa) Koop-
nuHathl. [Io3TOMYy TpaeKTOPUIO ABUKEHUSI K HAYYHOU 1M MOXHO MPEACTABUTH
KaK KyCOUHO-HENPEPhIBHYIO: ()parMEHThl KAYECTBEHHOI'O OMUCAHUSI C BBIXOJIOM Ha
KOJIMYECTBEHHBbIE MATEeMAaTUUYECKUE Pacu€Thl OXKUJIAEMbIX MaTepUAIbHBIX Mapa-
METPOB YEPEAYIOTCS C OCMBICIIEHHBIMM JKCIIepUMeHTamu. M 310, ecrecTBEHHO, HE
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HCKITI0OYAeT HEKOTOPBIX OJIyKIaHWM U JaKe BO3BPATOB, €CJIM HAYYHBIM KOMIAC U3
MPUHIIMIIOB U MHBAPUAHTOB MOKAa3bIBAET, YTO ThI IUIYTaHYJ, HO OOJBIIYIO OHac-
HOCTb MPECTABIISIET 3aBA3aHHOE OMATH )K€ Ha HapyLIEHUE dTUYECKUX MPHUHIIUIIOB
(opManbHOE TEOPETU3UPOBAHUE, Aaroliee «TpedyeMblil» Habop mapamerpos. Hu-
Yero He Jarollee HU Hay4HOU Aylle, HU HAy4YHOMY CEepAly, HO (OpPMaIbHO «Tpe-
OyeMble» NIl CTaThH, JJIS 3aLIUThl JTUCCEPTAlMU WJIM IPOCTO AJIA TOrO, YTOOBI
yrOAUTh HaYadbHUKY. T.e. «Tpedyemblii» Habop €CTh, & HUKAKOIO MPUOJIMKEHUS K
NOHMMAaHUIO UCTHHBI HeT. Takue, He BUAsAIME KauecTBeHHYI0 «Kaptuny Mupay
rope-TeOPeTUKU HE TOIbKO COOCTBEHHYIO HAyYHYIO KU3Hb CIYCKAIOT B YHUTA3, HO
Y, BBICTaBJIssl ce0sl «CBETHJIAMH», MOTYT BECTH HayKy O JOKHOMY myTH. Kaue-
CTBEHHO OCMBICIICHHBIN K€ TEOPETUUYECKHUI PacyET «IpOTaNThIBACTY MPaBUIbHBIN
OyTh B TPYAHOAOCTYITHOM 3KCIEPUMEHTATIBHON 00JacTH, MyTh, BEAYIIUNA K HaMe-
YEHHOU Hay4YHOM LEIIN.

Enunasa Kapruna Mupa

Mup MHOroo6paseH U MpeKpaceH B CBOEM E€CTECTBE M YpPOMJIUB U Y>KaCEH
IpU HEpa3yMHOM IOBEICHUH Jitojeil. M ero onmmcaHuio MOCBAIIEHB MHOTHE TOMA.
Hekoropoe kpaTkoe onucanue, a BepHee cucTeMaTH3aluio onvucanus Mupa ¢ ne-
MOHCTpPAIMOHHBIMHU TIPUMEPAMU TIOCTaparoch AaTh U 1. Ho HauHy, T.K. paboTa mo-
CBAIIIEHA METOAOJIOTHH, B KaKOW-TO MEpE C KOHIA, HEKOTO METOJ0JIOTHYECKOTO
pestoMe, kacaromerocsi cyobekra, OIIMCBIBAIOIIET'O stor Mup. K Takum
«ITucarensiMm», KOHEUHO, OTHOCSTCS HE Bce Joau. W neno He B TOM, YTO HEKOTO-
peie He wryaupoBanu «Juanektuky IIpuponen» DHrenbca, a MPOCTO y HUX HET
HEKOM MOTPEeOHOCTH CBOE WHIMBHIYaJIbHOE pa3yMHOE Hadaio BIUTH B Komiek-
TuBHBIA Pazym UenoBedecTBa, MoTpeOHOCTH, KOTOpas caMa 1o cebde CrocoOCTBO-
Baja Obl TUATEKTUYHOCTH MX Tpoliecca MblluieHus. [leyanbHo, HO ceiiyac U Hayu-
HYIO Kaphepy JENat0T HEKOTOPBIE 01U O€3 3TOM BHYTPEHHEH OTPEOHOCTH.

Camo camooOpazoBanue yenoBeka pasymHoro — uctuHHoe OBPA30OBA-
HUE nuynoctn (mnmm dopmanbHOE TOJIydeHHE 0O0pa3oBaHUs YEIIOBEKOM, CTPOTO
roBOpsi, HEPa3yMHBIM) €CTh (OPMHpPOBAHHE B TOJOBE WMHIAMBHIyyMa KapTuHb
Mupa. U 311 KapTUHBI MOTYT U CKJIAJIBIBATHCS MO-PAa3HOMY, U OBITH JOBEICHBI J10
pPa3IMYHON CTENEHH COBEPILIEHCTBA — KAYECTBEHHOIO0 M KOJIMYECTBEHHOT'O COOT-
BETCTBUSI OKpyXkarueMmy Mupy.

Kaprtuna Mupa ckiianpiBaeTcsi Ha IPUMUTHUBHOM, HO, TEM HE MEHEE, TOXKE
0oraToM W CII0)KHOM PEQIIEKTOPHOM ypOBHE (YMCIO KOMOWHAIIUI OTPOMHO), U Y
HOBOPOKJIEHHOTO KOTEHKA MO MEPE €ro B3pOCIEHHUs. Y YeJIOBEKa K€ pa3yMHOro, K
9UCTO Pe(pICKTOPHOMY BOCIPHUATHIO MUpa, NpuMmemmuBaetcs emé u JlyxoBHOE
Hauano, koTopoe, cys no BceMy, MPUCYTCTBYET HA T€HETUYECKOM, BEpHEE, Ha Ire-
HOMHOM YPOBHE, KaK pe3yiabTaT (JOPMUPOBAHHS YEIIOBEKA Pa3yMHOTO B TCUCHHE
MHOT'MX TIOKOJIEHUM B colMalibHOU cpeae. U ecinu mpoucxoauT BbinajeHue pedEH-
Ka U3 COLIMAJIBHOM CpeJibl, TO 3TO HAKIJIA/IBIBAET OTIIEUATOK HAa (HOPMUPOBAHUE €TO
JUYHOCTH, HO, CYId Jake Mo Mayriii, moJIHOrO CTUpaHUsl IyXOBHOT'O Hayajia He
MPOUCXOJUT (XOTS HE (DAKT, YTO BCE «BCKOPMIIEHHBIE» 00€3bIHAMM UYEJIOBEUYECKHE

61



JETEHBIIIN CMOTJIM BEPHYTHCA B UEJIOBEUYECKOE OOIIECTBO, XOTS TO, YTO JAXe He-
KOTOpBIE MBICIUTENN COETal0T OT HEr0, TOBOPUT O TOM, YTO M OHO OYEHb JAJIEKO
OT coBeplilleHCTBa). Tak BOT, camMo0Opa3oBaHUE JIMYHOCTA BO3MOXKHO M B YHUCTO
IyXOBHOU cpefe. Tak BUIUMO «POXKAAIOTCS» T€HUATBHBIE TTO3ThI, KOMIIO3UTOPHI,
XYJOKHUKHU U JJaXKe MBICIUTEIH, XOTS MOCIEIHUE CKOPEE Ha CThIKE — O0BEAUHSIOT
HyxoBHoe u cooctBeHHO Hayunoe Hauana.

Ho nyxoBHOe ¢opMHpoBaHUE JIMUYHOCTU HE €CTh caMooOpa3oBaHKE Ha Oa3e
KOJUIEKTUBHOTO CUCTEMATU3UPOBAHHOTO U MAaTEMaTHU3UPOBAHHOTO CO3HATEIBHOIO
3HAaHMSI, KOTOPOE HE MepeAaéTcsi HU Ha IeHEeTUYECKOM, HU Ha TEHOMHOM YPOBHE,
XOTsl MHOTJ]Aa U TOBOPST, YTO KOE-4YTO Nepenaércs Bo BTOpoM nokosnenuu. Ho cko-
pee mpocTo COOCTBEHHBIMU IETHMU JIFOJU 3aHUMAIOTCSl MEHbIIIE YEM BHYKAMH: BOT
Thl U 3aMeYaelllb, YTO OHU, BHYKH, YTO-TO 3HAIOT-MIOHUMAIOT, O YEM UM, BpoJie Obl,
MOKa HEOTKYJa ObLIO y3HATh, @ OHU MPOCTO 3aMEYalOT CBOMM JIETCKUM YMHUIIKOM
HAKJIOHHOCTH JeAYIIKN/0a0yIKyi U IEPEHUMAIOT UX. XOTS €CTh MPUMEPHl U YHHU-
KaJIbHBIX JIETUIIEK, KOTOphIE, Ka3aJ0Ch Obl, POJAMIUCH C CO3HATEIbHBIM 3HAHHEM
IpeabIIyIINX MmokoysieHui. Ho To, 4To Takue 1OHbIE JapOBaHUs, KOTOPHIX PaHbIIE
WHOT/Ia JIEMOHCTPHUPOBAIIM KaK JIMKOBUHHBIX YKHBOTHBIX, OYCHBb OBICTPO «CTOpa-
I0T», CKOpEe TOBOPUT O (POPCUPOBAHHOM PEXHUME PabOThI MO3ra MO0 YCBOEHHUIO CO-
3HATENBLHOTO 3HAHUA. A ¢ y4€TOM TOrO, YTO I'0JI0OBA YIPABJISET TEIOM, OBICTpOE
«C)KUTAHUE» TeJa yKa3bIBaeT Ha TO, YTO (hOpCcHpOBaHUE MPOU3OILIO B yIIepO He-
KOTOPBIX >KM3HEHHO BaXXHBIX (QYHKIMI rooBel. K TakuMm onap&HHBIM, HO
HECYACTHBIM JETHUIIKAM HYKHO U JOJIKHO OTHOCUThCS OepexHo. [pyroe neno, ko-
rja K OJapEéHHOCTU MPUIHCHIBAIOT MPOCTO HAPYIIEHUE B TOJOBE — ICUXUYECKOE,
IPUBO/IAIIEE TPOCTO K OTKJIOHEHHUSIM Ha ypOBHE Pe(hIECKTOPHOM (UTO U MPOSIBIIS-
€TCs B MOBEJIEHUHU ). TakuM, HYKIAIOMUMCS B TIOMOIIHU JIFOJ15IM, BOUHCTBeHHass X
TOJIEPAHTHOCTH JIMIIIb BPEAUT, U UM CAaMHUM, BBIJCISS MX B KacTy M30paHHBIX, U
OKPYXAIOIUM — «HEU30PaHHBIM». ITO TaKkKe KaK PEeIUTHO3HBINA (DaHATH3M BPEIUT
KaK BEPYIOIINM, TaK U HEBEPYIOIIHNM, (PaKTUYECKA HATPABIUBAs BEPYIOUIUX APYT
Ha Jpyra U Ha HEBEPYIOIIUX U YBOJIA OT Pa3yMHOTO Hauaja B cepy SMOLIUOHATb-
HO-JIyXOBHOTO ITPOTHUBOCTOSIHUS, T/I€ HE MPU3HAIOTCS, KaK B HAyKe, €UHbIE NHBA-
puaHThI 6€3 KOUX HayKa HEMBICIUMA.

Tax BoT, popmupoBanre Mo3anku Mupa B COZHaHHH JIOJEH y pa3HbIX JIO-
JIel IPOUCXOIUT U3 PA3TMYHBIX (PPArMEHTOB — OCKOJIKOB-KYCOYKOB «CMajbThl». U
(¢opMupoBaHuEe 3TOM KapTHUHBI B TOJIOBE YYEHOTO B IIPOLIECCE €ro caMmo-
o0pa3oBaHus MPOUCXOAUT M3 (PParMeHTOB (HOPMAIU30BAHHOTO CO3HATEIBHOTO
3HaHus. lIpeaenpHbIA, MOXKHO CKa3aTh KJIMHUYECKUM CIydal, KOrja KapTUHA pe-
aMbHOCTU (hOpMUPYETCS B TOJOBE M3 MPOrpaMMHBIX KOJ0B. He coBcem kmmHUYe-
CKHil, HO ONM3KUN K 3TOMY Clydail, Korjga KapTuHa Mupa ckiaabIBaeTCs U3 YU-
CTBIX ()OPMYJI, HUKAK HE CBSI3aHHBIX C PEATBHOCTHIO.

Jlymato, He MHOTHE yUY€HbIE 3aIyMBIBAIOTCS HAJl TE€M, KaK, U3 YEro CKJIajbl-
BaeTCs KapTHHA Mupa B X royioBe, TeM 0oJiee, 4To JJI peMECIEHHUKA JJOCTaTOY-
HO JIMIIIb OAHOTO €€ (hparMeHTa WK napoyku. Ho MHe mocyacTinuBuiIoch emie 3a-
CTaTh JIEMUCTBUTEIbHBIX KOPU(PEEB HAYKH, HAJl KAXKJI0H (pa3oil KOTOPHIX HAJIO ObI-
JI0 IOJTO IyMath, YTOOBI MOHITh HCTUHHYIO CYTh CKa3aHHOTo. U moHauyany BbI3Ba-
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JO TPOCTO YJMBIEHHE, KaK OH HAIIEN OTBET TaK OBICTPO, KOrja HeoOXoaumas
MOJIHAs JIOTUYECKas LIeT0YKa TpeOyeMoro Uisi OTBETA PACCYXKACHUS «IIPOJIETEa
HE MEHEE YEM HECKOJIBKO TOMOB.

Tak BOT, BCE CTaJI0 HA CBOE MECTO, KOT1a 1 CaM HAy4YHUJICA CTPOUTH B TOJIOBE
00BEMHYI0 KapTuHY Mupa. Mes Takyro KapTuUHY, Tbl OJHOBPEMEHHO, YUUThIBAS
MHOI'O MapameTpoB, MPOCTO BUJMIIb KpaTYaWIIWWA MyTh OT TOYKH A 10 TOuku b
0e3 BCAYECKUX MCTOPUYECKH CIIOKMBIIMXCS 3UT3aroB B JIOTMYECKUX U MAaTeMaTH-
YEeCKUX MOCTPOEHUsIX/000cHOBaHUAX. M HayuHOe camM000pa3oBaHHE 3Ty KapTUHY
nenaer Bcé OoJiee SICHOW B MeEJIbYAMIIMX JleTalsXx U Bc€ Oosee MOJHOM — MHOro-
MepHoi. Tebe MpocTo HYKHO 3arjiiHyTh B HYXKHYIO YacTb 3TOM KapTUHBI chepsl
3HaHuM. [Ipy 3TOM CTaHOBUTCS OYEBHJHBIM NOYEMY MHOIO 3HAHUE HE €CTh YM —
€CJIM CTIeMATIM3UPOBATHCS HA 3ayYMBAHUM LU, JaT U NPOoUHX Tabauu u hopmy,
0e3 CBA3M MX C PEalbHOCTHIO, TO YTOOBI M3 TOYKM A MONacth B TOUYKY b Hamo
OBICTPO MPOUTH MO BCEH KPUBOM, 3alyTaHHOM LIENOYKe, TOr/la KaK Hay4yHble pUH-
UMbl [TO3BOJISIIOT BHIOPATh KpaTyaWliui MyThb MEXIY HUMHU. Ecnu mpencraBUThH
3Ty cdepy 3HaHUHN KaK eIMHYI0 00BEMHO-MHOTOMEPHYIO KapTUHY, TO JIJISl TIOCTPO-
€HUS TPACKTOPUU PELICHUS MOCTABICHHOM 3a/1a4uM, O OOJIBIIOMY CUETY HET HEO0O-
XOJUMOCTH JIa)K€ CPAaBHHMBATh BO3MOKHbIE MHOTOYMCIIEHHBIE CeUeHUsi ITOU cde-
pel. OTa HEOOXOAMMOCTh BO3HUKAET JIMIIb MpU Mepenade UHPopMalud ayauTo-
pUU — B KAKON-TO Mepe MOMYJSIPHOTO, MHOTAA JOJIOro M HYIAHOTO H3J10KEHUS
OUYEBUJIHBIX (€CIM BUIUIIL 3Ty cepy nenukom) Bemnieil. Ho oOMeHnBaTbest Mbic-
JSIMU — O0BEMHBIMU MHOTOMEPHBIMH 00pa3aMu — MBI €lI€ He HAYYMIIUCh, TaK YTO
JUTsl TIOHUMaHUS 00bEMHO-MHOTOMEPHON KapTHHBI cOOECEeHUKA U HYXHO CaMo-
o0pa3oBaHHE — YMEHHE CAMOMY CTPOHUTH Takue 00bEMHO-MHOTOMEPHBIE KApPTUHBI.

Tenepp moctaparoch oMucaTh MAPOUYKy HauboJiee CyIIECTBEHHBIX MOMEHTOB
(ceuennii) Equnoit Kaptuasl Mupa. B o0mux deprax, ka3aaoch Obl, JakKe dyuCTas
MaTeMaTUKa I03BOJISIET PACCUUTATh BCE BO3MOKHBIE COOCTBEHHBIE COCTOSHUS
HAIlIETrO MPOCTPAHCTBA-BPEMEHU U, TEM CaMbIM, ONMCATh, 110 KpaHEN Mepe, BCIO
HEXUBYIO ipupoay. Ho eciii Ha aToMHOM ypoBHE 3TOT «(HOKYC» MPOXOIUT MPSIMO :
MO3BOJIMJI M OMHCaTh BCIO Tabmuiyy MeHjeneeBa, U MO3BOJIIET HaM YTBEPKIATh,
YTO DJIEKTPOHHBIE YPOBHM B Pa3HBIX DJIEMEHTaX COXPAHAKT CBOMW 3HAYCHUS XOThb
Ha 3emiie, X0Th B 20 ThICSUaX CBETOBBIX JIET OT HE€; TO HA APYTHX MaciTabax — He
OYeHb. Y>Ke Ha Onmkaiiux Macmrabax K aTOMHOMY — HAHO M MaKPOKPHUCTAIIIIbI —
CYIIECTBYIOT CBOM MHBAPUAHTHI, KOTOPBIE €€ MOKHO CTPOrO CBA3aTh C ATOMHBI-
MU pa3pelI€HHBIMU COCTOSHUAMHU. HO Ha CHMIBHO OTVIMYAIOIIMXCS OT aTOMHOIO
Mmaciitabax OCHOBHBIE A(P(EKThl CBA3aHbI C CHJIAMH, KOTOpPHIE COBCEM HeECyIIle-
CTBEHHBI Ha aTOMHOM, a TeM OoJjiee, Ha Cy0aTOMHOM ypoBHE. Tak 4TO ONMUCHIBATH
TaJaKTUKU UCXOJSA U3 CBOMCTB aTOMAa, MATKO TOBOPS — Hepa3yMHO. Takxke Hepa-
3YMHO, KaK aTOMHBIMH MOJIEJISIMUA OIUCBIBATH AJIEMEHTapHbIe yacTulbl. Hy, a onu-
ChIBaTh BCEJICHHYIO C ITIOMOINBIO JJIEMEHTAPHOW YaCTHLBI, HABEPHOE, MOKAXKETCS
HOPMAaJIbHBIM JIUIIb O€3TUYHOCTHOMY (TJIyIIOMY, HEKUBOMY) KOMITBIOTEDY.

Tenepp 0 macmitale, rie BOZHHMKIA «3arajJo4yHasy XHU3Hb. Y HAc HET HHUKa-
KHX OCHOBaHUH (B TOM YHCJI€ U IyXOBHBIX) I10JIaraTh, YTO €CTh *KUBbIE ATOMbI UJIN
YTO Hallla rajakTuka xuBad. Toraa, kKak 1 U3 KOMOMHATOPHUKH, TONOJHEHHOH cTa-
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TUCTUKOM C HAaKOIUIEHHEM HH(POPMALMM B LUKIAX, U U3 QU3UUECKUX U3MEPEHUM
XOpOILIO U3BECTEH MAaclITad BO3HUKHOBEHMS JKU3HU — 3TO HaHO. Ha HaHoMaciiTa-
0€ MPOUCXOJIUT MPUHLMIHAIBHOE PACXOXKIECHUE MEXKIY KUBOM M HEKUBOW IpH-
ponoii. I BunuMo Ha 3TOM MacmTabe ecTh U MHBapUaHThl, OTBETCTBEHHBIE 3a TO,
KyJla Ipouecc MouaET — B dKU3Hb WIK B cMepTh. U 3T0 Kacaercsa He Tonbko JJHK-
PHK, 310 Kacaercs n opraHu3anuy HCKYCCTBEHHON CTPYKTYPBI C TIOMOIIBIO HAHO-
TeXHOJOrui. WM3roraBnuBas, cka)xem, HAHOTPYOKM MBI MOKEM CO3AaTh BUPYC, a
WU3TOTaBIIMBAs 110 HAHOTEXHOJIOTUU IIPOLIECCOPHI, MBIl MOXET 3aIlyCTUTh, CTPALIHO
@K€ CKa3aThb, CAaMOPAa3BUBAIOLIMKCS pa3syM. XOTs CTpallHEe, €CIIA YK€ 3alyCTH-
JH, ¥ OH JIIOIH y’Ke CTpaBIMBAaeT, YTOObI OT HAC U30ABUTHCSA. A B ATOM Cilydae
n30aBystolIeecs OT HAyKU YeJIOBEYECTBO IapaHTUPOBAHO 0OpedeHo — OyneT cuu-
TaTh JICHBI'U J10 IIOJHOTO OITYIICHUS.

Hayuynas Illkosa

Hayka — Hekuit o0uieueioBe4ecKuil S3bIK U TI0 CBOCH MPUPOJe UHTEPHAIU-
OHaJbHA. B 3TOM M1aHe OHA MPUHLIMIUAIBHO OTJIMYAETCS OT PEJIMTHH U UJICO0JIO-
TUH, TeM, YTO B HEH HE MOXKET B MPHUHIMIE ObITh AHTArOHU3M Pa3IUYHBIX O0Ja-
CTel co3HaTeIbHOro 3HaHUA. HO €CTeCTBEeHHO MPUCYTCTBYIOIIHNE OOBEIUHUTEb-
HbIC TCHACHIIMY B HAyKe, KaK B IIEJIOM, B 00III€UEIOBEYECKOM TUIaHE, TPUBOJIAT U K
BO3HUKHOBEHUIO (DOpMaATBHO B3aMMOMCKIIIOUAIONIUX TEYCHHH, KaK B TeJIe CaMOro
3HaHUS, TaK U B €r0 HOCUTEJSIX — HAYYHBIX KOJUIEKTUBaX. Ha cThIKax Takux Teue-
HUW U BO3HHUKAET YacTO NMPUHIHUIHUAIBHO HOBOE NoHuMaHue [Ipupoasl — Haxox/ae-
HUE HOBBIX MHBAapUAHTOB, KOTOPHIE XOTh U HOCAT B c€0€ OPTOrOHAJbHbIE K paHee
U3BECTHBIM, OPTHI-KOOPJMHATHI, HO TO, YTO X HE Y W HE BHOBb OTKPHITas, JIUOO
IPUCOEANHEHHASA KaK BpeMs t B TEOPUU OTHOCHUTEIIBHOCTH KOOPJIUHATA, IPOTUBO-
peunii He 100aBiIsAeT, a UX yCTpaHseT. Takue HayyHbIe KOJJICKTUBBI YBICUEHHBIX
WCTUHHOW HAYKOU JTI0JICH ¥ TEHEPUPYIOT B OCHOBHOM OOJIBIIIYIO YacTh HOBBIX 3HA-
Huit o [Ipupose, T.k. TBOPUECTBO B HAyKEe MHIUBUIYAIbHOE TECHO CBSI3aHO 00B-
€UHUTEIbHBIM HAayajJoOM B HAyKe C TBOPUYECTBOM KOJUIEKTUBHBIM, C TBOPUYECTBOM
B Tak Ha3biBaeMbIx Hayunbix [lIkonax.

Kax My3bIKaHT, XyJO)KHUK, TUCATeNlb BHE TPO(HECCHOHATBLHOM CpeIbl TepSeT
U ornopy — 0a3y, 1 OpUEHTUPHI HA COTBOPEHHUE YETO-TO, YETO HE OBUIO 10 HEro B
MY3bIKE, B )KUBOIIUCH, B JIUTEPATYPE, TAK U YUEHBIM BHE HAYYHOM CPEJIbI JIUILIACTCS
U BBIBEPEHHOM, KOJUICKTUBHO MPOBEPSIEMON 0a3bl, U KOJJICKTUBHBIX OPUEHTHUPOB.
Ho B Hayke ecTh NpUHUHUIBI, KOTOPBIE, KAK CTPEIKA KOMIIAca, JAKOT BO3MOKHOCTD
COXpaHEHUS TEHICHIIMN WHIMBUIYATHHOTO MPOJIBIKEHUS BIIEPEN B IEPHOIBI O€3-
BpPEMEHBSI THIA HaMIero. A caMO BO3HMKHOBEHHE 3TOTO OE3BpPEMEHBS M B CaMOM
HayKe, U B OOIIECTBE CBSI3aHO C OOIOpPOKpadrMBaHWeM, GopMaTu3airel HayKu Ha
0a3e KaHOHU3AIUU — JOTMAaTH3aIlUN TTOCTYJIATOB, pa3padaThIBAEMBIX OTIACITHHBIMH
Hayuynbpimu IIkonamu, a He 0000LIEHHEM C YCTpaHEHHUEM MPOTUBOPEUUI MEKIY
Pa3IMYHBIMU HANIPABJICHUSIMU B HAYKE.

Tak, ecu Bo BpeMeHa bopa u DiHIITeliHA PEICTaBUTENIN aJIbTEPHATUBHBIX
dbuzndeckux mnpenacraBieHuid o Ilpupone uwckamu ¥ HaxoAWIM OOBEIMHSIONIEE
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Hayajio, To Teopetnueckas Illkona Jlangay 3arnana B «yrom» u lllkony Ilekappa, u
[IIxony BnacoBa, a korjga CTOJKHYJIHUCh C HEOOBACHUMBIMU B pamkax IlIkomsi
Jlannay sBJI€HHUSM, TO HUYErO APYroro, Kpome APeBHEH MUDOIOrUU ¢ TEMHBIMU
CUJIaMU U NPEJJIOKUTh HE CMOTJIN.

Tak ecnu MHOTOOOpa3Hasi, HO COXpaHsBIIAas BHYTPEHHEE €IMHCTBO 3amaj-
Hasl coluan-IeMoKpaTHdeckas Mbiciab poauia OkTsa0pbckyro Peomtounio B Poc-
CUH, TO JOrMaTh3alus KOMMYHUCTHYECKUX MPEACTaBICHU, a TeM Oosee CTaauH-
CKasl dp3alM3anys MPUBENH K packony MexayHapoaHoro KoMMyHHCTHYECKOTO
JIBMKEHUS BIUIOTH O BOMH MEXIY «OpaTCKUMMU» cTaHamu. JloXoIuso 10 nedalb-
HbIX aHeka0ToB, korga KIICC ve pagoBanace kommyHuzauuu WMranuu, @panuuu,
CkananHaBuM, a O3ByYHMBaJla aMEPUKAHCKHWE BEPCUU YOUICTB roOCyIapCTBEHHBIX
JUIEPOB, JOSIBHBIX K «[TOKPACHEHUIO» UX CTPaH «KPaCHBIMH OpUTrajaMu», Teppo-
puctamu u npocto cymacmenqmumu. Korna KI'b BeicnexxuBaer koHTakTsl ['PY ¢
Ye I'eBapoui u cpaét ero nonoxenue LIPY. Haiigyres, yBepeH «yMHUKW), KOTOPBIE
CKaXyT, MOKPYTHUB NaJyiblieM y Bucka: «Kakoe oTHouenue pusrnka UMeeT K Moiu-
tuke!». Ho ecnu 661 OHM HE OBUIM 3alIOPEHBI, TO MOHSUIH Obl, YTO CTPOro 1no Apu-
crorenmo mobdas HEOU3UMKA umeer otHomenne u k ®PU3UKE, a eciin He nmeerT,
KaK COBpPEMEHHAs MOJIUTHKA WJIM SKOHOMHMKA, TO 3TO JDKEHAYKH, BEAYIIHE YEIOBE-
4yecTBO B TynuK. Tak, He nMmeromas kK @PU3NKE Hukakoro oTHOLEHUs poccHiicKas
rocyJapcTBeHHas (JIKE)IMOJIUTUKA HUYETO JIyYIero JJisl 3aMEHbl HAYKU HE Halula
KAaK BEPOBaHMs APEBHUX — pesuruto. Ho nemepusle a0au U ¢ aunagaMyu He UMEIOT
B ronoBe Hayunoit Kaptuasl Mupa u nmpoomkaroT Tyno cpaxarscsa ¢ [lpupomnoi
U IpYT C IPYIOM.

Ceituac, korna npousonnia 3amena Hayuansix [Ikon (HIL) Bo MmHOTOM uHiCcTO
OIOpPOKpAaTUYECKUMH HaydHbIMH OOpa3oBaHusiMu (HaunHas oT ®AHO u ObiBIIETO
[Ipesunnyma ObiBiieit PAH u koHYas MHCTUTYTaMU M J1Ta0OpaTOpUsIMH) O€3 TTOHH-
MaHUsl NMPUHIUNHAIBHBIX oTiMuui HIII OoT OHBIX, X U HEBO3MOYKHO BOCCTaHO-
BUTh, WU, TEM CaMbIM, HEBO3MOXHO BoccTtaHoBuTh HAVKY, kak IlepenoByto
Mpeicias YenoBeuectBa, kak ero KommektuBnbelii Pazym. IIpu aToM pocTku 0OHOB-
néuHoir Hayku ckopee mpoOwiorcs B O6miectBeHHbIX Hayunbix Opranuzanusx,
4yeM B O(UIHAIBHBIX, IJI€ OIOpOKpaTUYECKas CUCTEMa 3aHUMAETCsl CaMOBOCIIPOM 3-
BOJICTBOM B MEPBYIO odepeab, a cyThio Hayku B mocnennioro. Tem Oonee, uTo
BiacTh B Poccun (1 He TONIbKO), paccMmaTpuBasi Hayky kak cOOCTBEHHBIN «KOPOB-
HUK», IEMOHCTPUPYET TaKOE€ YMCTBEHHOE YOOXKECTBO, YTO OCTAHABIMUBATHCA HA
KOHKPETHBIX MHOTOUYMCJICHHBIX JISITIaX MPOBOJUMBIX peopM HayKH C TOUYKH 3pe-
HUSl CaMOM HayKHU MPOCTO OECCMBICIIEHHO (MMEET CMBICII JIMIIb C TOYKH 3PEHUS Ka-
PBEPUCTOB, AENAIINX U Ha JISANAax U Kapbepy, U JeHbru). Hano cocpenotounthes
Ha riaBHOM: cymiecTBoBaHue Hayunbix Illkonm HeoOXommMo, Tak K€ Kak U UX
«TpeHue»-B3aumMoacucTBrue. MHaue MupoBas Hayka 3arjoOXHET U €CJIM YTO-TO
OCTaHETCsl OT He€, TO ATO Oy/IeT MEPTBBIN SA3BIK, KaK JATbIHb, ISl YTEHUSI HAYYHBIX
IIOCTYJIATOB.
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IIpeonosienue

W3 BbllIecka3aHHOTO HAJICIOCh MOHSITHO, YTO YTOOBI MOMOYb B METOJIUKE
OuoJiory BeIOpaTh MPABUIBLHO MOIIHOCTh HarpeBaTess, KOrja OH MyTaeTcsl B MpU-
MEHEHUHU [Js1 O3TOro 3akoHa OMa, WIM NOMOYb MCCIEAOBATEN ApPKTUKU-
AHTapKTUKH YBUJETH B LIBETE MPOCTO OEJIbIC JIbJIbI U CHETa, KOT/1a OH HE MOJ03pe-
BAE€T, YTO 3aJI0O)KEHHOE B JII00OI COBPEMEHHON Kamepe pas3iioKEeHUE ILIBETOB Ha
RBG no3BosiieT npoBeCTH UX 3JIEMEHTAPHBIN CHEKTpadbHbI aHalIu3, YTOObI BO-
o0111e, OBLT XOTh KaKOW-TO TOJIK OT HAKOIUIEHHBIX MOUM IMOKOJEHUEM (PU3UKOB Me-
TOJAMYECKUX HAXOJOK, MO OOJBIIOMY CUETY HEOOXOIMMO MPEO0JICHUE KaTacTpo-
dbuueckux TEHACHIIMM BO Bcell Hayke. MHade o01iecTBO, B KOHIIE KOHIIOB, BEPHET-
Csl K IEPBOOBITHOMY COCTOSIHHIO U CHOBA CTaHET JCIHUTh IIKYPhl MEJBENICH, HE 10
KOHIIa JOOUTHIX B Hamie Bpems. [Ipu 3Tom, HU TeopUst UBMEPEHUN CTAaHET HE HY K-
Ha (KaK yXe cTaja He HY)XHa acTpOHOMaM M «OTKPBIBATEISIM» TPaBUTAIMOHHBIX
BOJIH), HU JIOKa3aTeILCTBO TeopeMbl Jlanmay (kak y»e cTajo He HY)KHO «OTKpbIBa-
TensiM» rpadeHa), HU COOJIOJEHUE STUYECKUX, (PU3NUECKUX M HEPU3HMUIECKUX
IMPUHITMIIOB HAYKH B MAKPOIKOHOMUKE M TJI00QIBHON MOJUTHKE, T.K. OCTaTKU Ye-
JIOBEYECTBA B BUJIE TIEPBOOBITHBIX CTall 00 3THX XUMEpax U 3HATh HE OYIyT.

[Ipeononets HabMIOgaEeMbIe TI00ANIBHBIE KAaTacTpOUUECKHUE TEHACHIIMU B
COIIIE/IIEM ¢ yMa 0OIIeCTBE pa3yMHBIX JIFOACH MOXKHO, €CIIU UX YJIacTCs MPeojo-
JeTh B camoii Hayke, B HayuHoii ['omoBe OOmiecTBa. A mpeoaosieTb 3TH TCHJICH-
IIUU B CaMOi HayKe MOXHO, JIUIIb HayaB 3aHOBO (opmupoBath Hayunsie 1Ikosnbl.
Ho dopmuposanue stux IlIkon HEBO3MOXKHO 0€3 HEKOETO BHYTPEHHETO WHIUBHU-
IyaqbHOTO MPEOJOJICHUS Y YICHOB B JTOOPOBOJIBHO OOBEAMHUBIINXCS KOJUICKTH-
Bax y4Y€HBIX M HEKOETO MPEO0JIeHUs NMpu (POPMUPOBAHUH ITOTO KOJUIEKTHUBA U
BBIJIBUKEHHUH €T0 JUAEpA.

TyT, kak B TOM ke cropte, caMOpOPMUPOBAHUE YEMITMOHA B MOCIIETHIOO
ouepe/ib CBA3aHO C €ro MmodenaMu HaJl CONEPHUKAMU, a B MEPBYIO OYEpelb B MHO-
TFOCTYIIEHYAThIX MPEOJOJIEHUAX OrPAHUYECHUM, 3aJI0KEHHBIX B €r0 OpraHu3Me,
dakTuyecku B rpeoiosieHnu 60u. J[aneko He Bce TOTOBBI K TAKOMY CaMOIOKePT-
BOBAaHUIO. Jlaneko He Bce U B MOJIOJOCTH IIOCJIE ITOTO MPEOJOJICHUS «IIArHyT €I1é
Ha CTYNEHBKY BBIIIE camMoro ceds». MHOTr0 MOJOIBIX «PBYTCS», «JIOMAIOTCS» H
BOOOIIE HaIphIBatoTCA. Jlaieko He Bcera XOpolllo CKIaabIBaeTcs Cyapba u cTaB-
IIMX 4eMnuoHamu. M 1eno He TOJIbKO B HAKONMBIIMXCS W 3aJ€YECHHBIX OTHOCH-
TEJIbHO MEJIKUX TPAaBMax, MOJYYEHHBIX NPU TAKUX MPEOAOJICHUSAX MHOTOYHUCIICH-
HBIX CcTyreHek. Jleno B 0OpaTHOW CTOPOHE: OBIAJEBIINN HCKYCCTBOM YMCTBEHHO-
ro HampsKEHUs JJisl MPEOJOJIEHUs, TpyOdO TOBOpS, IJIsi TOro, 4ToObl Kak OapoH
MioHxray3eH MOJHATh caMOro ce0s 3a BOJIOCHI HaJl 3eMJIEH, MmepecTaB TPEHHUPO-
BaThCS M TIOCTAPEB, YEIIOBEK MOXKET, Tpy00 TOBOPS, caM ceOsl pa3opBaTh, BKIIOUAS
U COOCTBEHHBIC MO3TH. A 3aHSATHE UCTUHHOW HAYKOHW 3TO YHCTO YMCTBEHHOE IIpe-
OJI0JICHHE, B TIEPBYIO OUYEpelb B caMoM cebe, a 3aTeM B KOJUIEKTHUBE MpU (HOpMUPO-
BaHuu ero Hayunoit ['omoBsl. Ho B oTiiMune OT cCHOPTCMEHOB, KOTOPBIE COPEBHY-
IOTCSI MEXKy CO0O0I M B 3BaHMM YEMIIMOHA YK€ HE «CPa))aroTcCs» CO 3PUTEISMH,
dbopmupoBanue Hayunbix [lIkon B COBpEeMEHHBIX YCIOBHSIX COMPSIKEHO U C Mpe-
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OIOJIEHWEM MW YBAHCTBA BJACTEW, M C MPEOJOJECHUEM ITONBITOK YHUYTOXKHUTH
«Hay4YHBIX KOHKYPEHTOB» OTPBI3KAMH «HAy4YHOI» OIOPOKPAaTUYECKOU CTPYKTYpHI,
U C IIPEOJOJICHUEM IIPOCTO ceryac BCE BO3PACTAIOIIETO HEBEKECTBA OKPYKAIOIIUX
aroei, 000NBaHEHHBIX OJIECKOM JIeHer. Tak YTo JlaXke 3aXOTeB MPUHSITh y4acTHUE B
TOM YMCTBEHHOM COpeBHOBaHUU 1O (popmupoBanuto Hayunsix [llkon nunauBuny-
yMy OpUAETCS NPEOAOTIETh CONMPOTUBICHUE O0IIECTBA, TPEANOYUTAIOIIETO ILUIBITh
110 BOJIE BOJIH» BIUIOTH JO BOJXONAAA.
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VJIK 168.521

«CeTeBOH MYTh)» COBPEMEHHOI HAHO-TEXHO-HAYYHOM
NPAKTUKHU

Apwunoe B.U.
00KmMop hunocopckux Hayx,
2/1aB8HbIU HayuHbll compyonux Unemumyma gunocogpuu PAH.
varshinov@mail.ru

AHHOTANUA: MBI )KUBEM B YHUKAIHLHOE BPEMSI B UICTOPUH YEJIOBEUECTBA. 3a
NOCJIETHUE JIECATH JEeT UCClIeIOBaHus B 001acTh puiiocodpuu HayKd U TEXHOJIOTHH
B UX MEXJIUCIUIUTMHAPHOM U TPAHCIUCIUIUTMHAPHOM KOHTEKCTax 003aBeJINCh HO-
BBIM KOHIIENITOM: «KOHBEPTUPYIOIIUE TEXHOJIOTHN», KOTOPBIA OTPa)XaeT SBJICHUE
pacTyiie KOHBEPTreHIIMH KOHKPETHBIX TEXHOJIOTMHA B BBICOKOMHTEIPUPOBAHHOU
CHUCTEME, B KOTOPOU CTapble M30JUPOBAHHBIE TEXHOJIOTMYECKUE TPACKTOPUU CTa-
HOBSITCS OYKBaJIbHO HEPA3TUYUMBIMU, MIPU TOM, YTO TE€XHOJOTUYECKAas KOHBEPIeH-
1usi Bce OOoJbllle PAcHpOCTPaHSETCs Ha PACTYIIYI0 B3aMMO3aBUCHMOCTH MEXIY
OMOJIOTMYECKON M MUKPODJICKTPOHHOW PEBOJIIOIUSAMH, KaK MaTepuaabHO, TaK H
MeTononorudecku. bonee Toro, B 3TOM cHUTyalluu B MPUHIUIIE MOXKET 00OpecTu
CBOI1 HOBBIM, HEJIMHEWHBIN CMBIC] YTBEPKJEHUE, COTJIACHO KOTOpOMY Oyayliiee He
CTOJIBKO TE€OPETHUYECKH MPEICKA3bIBAETCSA, CKOJBKO IMpaKTU4YecKH co3naercs. Ho
YTO 3TO peajbHO 03Ha4aeT? MOKHO JIM, HallpuMep, CKa3aTh, 4YTO Pe4b UJET O MPO-
EKTUPOBaHUM OYyIYIIETo, CO3JJaHUU €ro jKeJlaeMoro oopas3a U, COOTBETCTBEHHO, 00
yIPaBIEHUH HACTOSAIIUM U3 OYIYILIETo, TAKUM 00pa30oM, UTOOBI «BBIUTH U3 Xa0Ca»
Ha HOBYIO TPACKTOPHUIO «YCTOMUYMBOTO PA3BUTHS» YEIOBEUECKON IMBUIM3anuu? B
OPUHIUIIE, BECh MOCIEAYIOIUA TEKCT MOKHO PacCMAaTpUBaTh KAK MOMNBITKY OTBE-
TUTH Ha BbIIIE CHOPMYIUPOBAHHBIN BOMIPOC, WIH XOTs Obl HAMETUTH KOHTYPHI Ta-
KOT'O OTBETA.

«CeTeBoH MYTh)» COBPEMEHHON HAHO-TEXHO-HAYYHOI
MPAKTUKH

MpI )KMBEM B YHUKaJIbHOE BpeMs B UCTOpUU 4desioBeuecTBa. [lo cioBam Dp-
BrHA JIacIo MBI )KHBEM «B 3MOXY ITyOOKOM TpaHChOpMalMKM — CIBUTA B IUBHIIH-
saruu» ' °. IToT caBur OpBuH Jlacio UMEHyEeT MaKpOCIBUTOM, MOSICHSSI, YTO «MaK-
pOCABUT — 3TO OMdypKanus B AUHAMHKE SBOJIONHMHM OOIIECTBA, B HAIIEM MHPE,
HACBIIIICHHOM B3aMMOJICCTBHEM W B3aUMO3aBHCHMOCTBIO, 3TO OM(ypKaIHs delo-
BEUSCKOM ITMBUJIM3AIMH B €€ KBa3HICIOCTHOCTHY. UTO ke KacaeTcs OudypKanum,
TO 3TO TEPMHH, 3aMMCTBOBAHHBIA M3 HEJIMHEHHON XaOTUYECKOW TUHAMHUKH CIIOXK-
HBIX CHUCTEM, O3HAYAET, YTO «HEMPEPHIBHAS MPEXKAE TPACKTOPHS IBOJIOIHUM CJI0 K-
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HOI CHUCTEMBI pa3BETBISIECTCA: Mocae OudypKaluu cUCTEMA 3BOJIOLIMOHUPYET UHA-
4e, ueM J10 Oudypranumy.

OnuceiBas ITMHAMHMKY 3BOJIOLMOHHOrO IMPOIECCa B YEIOBEUYECKOM OOIIe-
cTBe, D1BuH Jlacio BelenseT 4eTblpe (azbl MAKpOCABHIra, yKa3biBas, 4TO YIpaB-
JSOIIAM [APAMETPOM B 3TOM THHAMHUKE SBIISIIOTCS INPEKIAE BCErO TEXHOJOTHYeE-
CKME MHHOBalUM. B HacTosliee BpeMs Mbl HAXOIUMCS B TPETbEU, KPUTUUECKOU
(W1 «XaoTUYECKO») aze MaKpOCIBUTa, JUHAMHUKA KOTOPOTO PENPE3EHTUPYETCS
TEM, YTO B CUHEPIeTUKE UMEHYETCs napamerpoM nopsaka. M umenHo Ha stoit ¢a-
3€, KOrjJa 4eJI0BeYeCKoe 00IIEeCTBO JOCTUTAET MPEAEIIOB CBOEH CTaOMIBLHOCTH, OHO
CTAaHOBHUTCSI CBEPXUYBCTBUTEIBHBIM M OCTPO pearupyeT Ha maneiniue (iaykrya-
L[WH.

B 3T0i1 KpUTHUECKON TOUKE Xaoca MaKpOCIBHIra, B MPUHIIMIIE MOXET 00pe-
CTU CBOUW HOBBIM, HEJTMHEWHBIA CMBICT YTBEPXKJEHHUE, COTJIACHO KOTOpPOMY OyIy-
1[e€ HE CTOJIBKO TEOPETUUYECKHU IIPEACKA3BIBACTCS, CKOJIBKO IPAKTUYECKU CO3/1acT-
cs1. Ho uto 310 peasnibHO 03HayaeT? MOXKHO 71, HallpuMep, CKa3aTh, YTO peUYb UJIET
0 TIPOEKTUPOBAHUU OYIYIIETO, CO3JJaHUU €ro JKeIaeMoro oopasa 1, COOTBETCTBEH-
HO, 00 YIpaBJIe€HUU HACTOSLIUM U3 OyAYIIEro, TAKUM 00pa3oM, YTOOBI «BBIUTH U3
Xa0Ca» Ha HOBYIO TPACKTOPUIO «YCTOMYMBOI'O Pa3BUTHUs» YEIIOBEYECKON LIMBUJIU-
3aiuu? B npuHuuIe, BECh MOCIEAYIONIMNA TEKCT MOXKHO paccMaTpHUBaTh Kak IO-
IBITKY OTBETUTH Ha BBIIIE COPMYIHPOBAHHBIN BOIPOC, WIH XOTS Obl HAMETHUTH
KOHTYpPBI TAKOT'O OTBETA.

N Bce ke ero ocHOBHasi MHTEeHLUs UHas. FIMEHHO, IToKa3are, 4YTO caM 3TOT
BOIIPOC HYXJAETCsl B PAJMKAJIBHOM IIEPEOCMBICIIEHUH, «II€pe3arpy3ke» B HOBOM
[IapaJUrMaJIbHOM JUCKYpCE, MOPOXKIAEMOM KOHLENTAMU CIIOXKHOCTHOCTH, CETH,
TPAHCIIEHJICHTHOCTH W KOMMYHHKAIIMU, KOHCTPYMPOBAHUS M TpaHChOpMAaIUu.
TepMHUHBI CI10KHOCTHOCTH, CETHU, KAK U TEPMUH YIIPABJIICHUE B TAHHOM ClIydae I10-
HUMAIOTCSl KAaK «30HTUYHBIN» TEPMHUH, MOJ KOTOPBIM KPOETCS CEMEMCTBO TakK
Ha3bIBAEMBIX «()OHOBBIX MPAKTUK» — COBOKYITHOCTEH MPHUHATHIX B KYJIbTYpE CIIO-
co0O0B IEITELHOCTH U KOMMYHHKAIIUU C ATOU JESITEIIbHOCTHIO TaK WJIM MHAYE CO-
MpSKEHHO. | 31eCh Ba)KHO, YTO 9TH «(pOHOBBIC MPAKTHKH» B HAIIM JHH «3IOXHU
MaKpOCBUTa» HAXOSATCS MOJ BO3IEHCTBUEM YIPABISIOUINX [TapaMeTPOB, C HE0O-
XOJMMOCTBIO MOPOKIAEMBIX CTPEMUTEIBHBIM CTAaHOBICHUEM COBPEMEHHBIX Me-
JUWHBIX TEXHOJOIMU U, mpexnae Bcero, Bcemupnon nayrnnout UHTEPHETa. /7
UMEHHO 8 pe3yibmame 3M0o20 CUHEPemUyeckKo20 YNpasieHus QOoH COYUOK)b-
MYPHBIX NPAKMUK NOPOACOAem UHHOBAYUOHHOE PA3ZHO00pa3ue KOMMYHUKAMUBHBIX
Queyp-ceuimanbmos, GopmMupyrOWUx CO8PEMEHHYI0 Cemesyl0 MexHOKYIbmypy U
MexXHOCHO3UC.

S onHako He OyJy BXOAWTH B OOCYKJIEHHE CIIOKHONEPEIIETEHHBIX BOIPO-
COB TEXHOKYJbTYpHI, €€ I'eHe3uca M TpaHC(OPMATUBHOTO MOTEHIHaNa. S auinb
X049y oOpaTUTh BHUMaHHWE HA CHHEPTMUHO-MIPAKTHUECKUH CMBICT 30HTUYHOTO HC-
[OJIb30BaHMUsl TEpPMHUHA yNpaBiieHue (governance), Ipyu KOTOPOM MOJYy4arOT CBON
MPAKTUYECKUNA CMBICT TaKuWe TOHITUS KaK YNpaBJICHUE WHHOBALUSAMHU W/ WU
yIpaBJjeHUE 3HAaHUAMU. B HacTosee BpeMsi OCHOBHBIM MCTOYHUKOM TEXHOJIOTH-

" Bonkos B., Xapkxopmun O. Teopus npaxtux. CII6., 2008
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YECKUX UHHOBAIIUM SIBJICTCS HAayKa, Mpe/ICTaBICHHAs B Pa3HOOOpa3uK aBTOMOATHU-
YECKUX CHUMOMO30B, MHCTPYMEHTAJIBHO OIMOCPEIOBAHHBIX MEXIUCIUILUIMHAPHBIX
conpspkeHud. IlpeacraBienHas TakuM 00pa3oM Hayka Hadajla UHTEHCUBHO (op-
MHPOBATHCSI BO BTOPOW TMOJIOBUHE MPOILIOTO BEKa, a B KOHIIE €ro Mojyyuia
Ha3BaHWe «TexHoHayka», (b. Jlatyp). IlpuueM TexHOHayka OTJIMYaeTCs Kaye-
CTBEHHBIM CJBUTOM B CIIOCOOE€ MPOM3BOACTBA HAYYHOI'O 3HAHUS, U OJIHA U3 €€
KITFOUEBBIX XapaKTEPUCTUK CBsSI3aHA C €€ MEXAUCITUTITIHHAPHOCTHIO.

3a mocienHue JECATH JIET UCCIEeIOBaHus B 00JacTu Gpuinocopun HAyKu |
TEXHOJIOTUHM B HUX MEXIUCUMUIUIMHAPHOM M TPAHCAMCIUIUIMHAPHOM KOHTEKCTax
003aBeJIMCh HOBBIM KOHIIENITOM: «KOHBEPTUPYIOIIUME TEXHOJOTUU». Heckombko
panbie, B cepenuHe 90-x rojoB, Ha camMoO SIBJICHHE «PACTYyIIEH KOHBEPIEHIIUU
KOHKDEMHBIX MEXHONO2UU 8 8bICOKOUHMESPUPOBAHHOU cucmeme, B KOTOpOU cTa-
pbl€ HU30JIUPOBAHHBIC TEXHOJIOTHYECKHE TPACKTOPUU CTAHOBATCS OYyKBaJIbHO He-
paznuuuMbIMKu», 00paTui BHUMaHue coruosior M. Kacrenbe. [Ipu sTom oH moa-
YEPKUBAJI, YTO «TEXHOJOTUYECKasi KOHBEPIeHIIUsI BCe OOJIbIIIE PACIIPOCTPaAHSIETCS
Ha PaCTYIIYI0 B3aMMO3aBUCUMOCTb MEXKY OMOJIOTHYECKOW U MHKPOIJICKTPOHHOM
PEBOJIIOIMSAMHE, KaK MATEPHATBHO, TAK H METOJOIOTHICCKIY. =~ MUKCHPYS 3TO SIB-
JICHWEe, HOBBIM KOHIIENT CYIIECTBEHHO pAaCIIUPSET CBOE COJepKaHUE, CTaBsS B
IIEHTP BHHUMAaHUS CHUHEPreTUYECKOE B3aMMOJCHCTBHE MEXJIYy CaMbIMU Pa3HBIMHU
00JIacTSIMU UCCIICIOBAaHMI U pa3pabOTOK, TAKUMH KaK HAaHOHAyKa M HAHOTEXHOJIO-
rusi, OMOTEXHOTHSI U HAyKU O >KU3HU, WHPOPMAIMOHHBIE U KOMMYHHUKAIMOHHBIE
TE€XHOJIOTHH, KOTHUTUBHBIE HAyKU. OJIHAKO HE CJIEAYET OrpaHUYMBATHCS JUIIb Ta-
KOTr'0 POJia KOHCTATallUsSIMHU.

Benymuecs ceituac Ha 3amnajie MHTEHCUBHBIE 1€0aThl IO MOBOTY KOHBEPT H-
PYIOIIUX TEXHOJIOTHH CTaIHM MO CYTH (GOpyMOM ISl MCCIEOBAaHUM OYyIYIIEro B
KOHTEKCTE CTAHOBJICHUSI COBPEMEHHOU Haromexunonayku. HoBoe, «OCTKacTEb-
COBCKOE» IPOYTECHUE MOHATHS KOHBEPTUPYIOUIUX TEXHOJIOTUW Ha4ajao CTPEMHU-
TeapHO opmupoBaThes, HaunHas ¢ 2001 rona, koraa oA aruaoi HanmonanbHOTO
Hay4Horo ¢onna CIIA Oplna BEIIBUHYTA TaK Ha3bIBaeMas NBIC-HHHuHaTHBa19. B
ATOW MHUITUATUBE YETKO BBIJCISAIOTCS JIBA IIEJEBBIX (POKyCa-aTTpaKkTopa.

[lepBBIli aKIEHTHPYET BHUMAaHUE HA CHHEPIETHYECKOM OOBEIWHECHUH BbI-
IICHA3BaHHBIX 00JIACTEH HMCCiIeToBaHUN M pa3pabOTOK B HAHOMETPHUYESCKOM Mac-
mTabe, 9To 0OeIaeT y)ke B 0003prUMOM OyIyIleM IEMHYI PEaKIuI0 caMbIX pa3-
HBIX TEXHOJOTHMYECCKUX HWHHOBAIIMH, B CBOCH COBOKYITHOCTH OOCIIAIOIIUX TJIO-

'8 Kacrense M. Mudopmanmonsas snoxa. M., 2000, c. 78

' NBIC = Nano-, Bio-, Information Technologies and Cognitive Sciences, T.e. Tak Ha3bIBaeMble KOHBEPIEHTHbIE
TEXHOJIOTUH, K KOTOPBIM OTHOCSATCS HaHOTEXHOJIOTHS, OMOTEXHONOTHS U T'eHHas HH)KSHepHsl, HHPpOPMALIOHHbIEC 1
KOMMYHUKAaIIMOHHBIE TEXHOJOIMU U KOTHUTHUBHBIE HAyKU, HTPAOT BKHYIO POJIb B PELICHUH MPOOJIEMBI «TEXHHYC-
CKOT'0 YCOBEpPLICHCTBOBAHUS YeloBeKay. CeromHs, Kak Moa4epKUBAIOT HEOTHOKPATHO KakK 3aIlaJHO-eBPOIEHCKUe 1
aMepUKaHCKHe UCCIIeI0BATENN 3TOU MPOOIeMAaTHKH, HEOCTATOYHO YXKE U3y4EHHS TOTrO, KaK OTIEIbHBIE TEXHOIO-
run (peXIe BCEro M3 BBINICHA3BAHHBIX TEXHOJIOTHIT) BIUSIOT Ha pa3BUTHE OOMIeCTBa M denoBeka. Heodxommmo
WCCIIEeI0BAaTh UX KOHBEPTEHTHOE (COMPSDKEHHOE) BIMSIHAE TAKOKE M JIPYT Ha JIPyra, YIUTHIBask BCIO MATUTPY UX BO3-
MOXHBIX MpuMeHeHn. [IprdeM camu 3TH IpUMEHEHUs! (He TOJBKO yXKe MMEIOIInecs, HO U MpeAroIaraeMble) oKa-
3BIBAIOT BO3JCHCTBUE U HA PA3BUTHE HAYYHO-TEOPETHIECKON 0a3bl ITHX TEXHOJIOTHH.
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OaJIbHYI0 TpaHC(OPMAIMIO CaMOro Crocoda pa3BUTHS YEIOBEYECKOM LMBHIIM3A-
MU B LEJIOM. DTOT (POKYC MOKHO HA3BaTh TAK K€ SKOHOMUKO-TEXHOJIOTHUYECKUM.

Yro ’xe KacaeTcsi BTOPOro, TO OH aKIEHTHPYET BHUMaHUE Ha Mpolieme
«YJIy4IlICHHS YEJIOBEKay, «UeIOBEUECKON (QYHKIMOHAIBHOCTHY (improving human
performance), Win «pacumpeHus deaosexa» (human enhancement).”® Het Hudero
YIUBUTEIBHOIO IMo3TOMYy, 4TO NBIC-mMOzmens KOHBEPTHPYIOIIMX TEXHOJIOTUN
(NBIC—reTpasap) BCKOJBIXHYJIA HOBYIO BOJIHY SHTY3Ma3Ma Cpelu aJenTOB TPAHC-
rymanuctuyeckoro nemwxkenus (Huk boctpom, Peit Kypuseitnb, Bepaon Yunmx),
YBUJIEBLINX B HEH pEAIbHBIN NMPAKTUYECKUNA UHCTPYMEHT CO3aHUs CIEAYIOLIETO
MOKOJICHUSI TTOCTYETIOBEYECKUX CYUIECTB, TpaHC(HOpMAIIMU BCEro TOro, YTO XaHHA
ApeHAT Ha3Bala «4eJI0BEeUECKONH 00YCIOBICHHOCTHION.

31ech HU B KOEW Mepe HEe NpeCcienyeTcs LeNlb MOABEPrHYyTh KPUTUKE BO3-
3peHHusl TPaHCTYMaHUCTOB. Bo-nepBhIX, 3TH BO33pEHUsI caMu Mo ce0e HeOAHOPOI-
HBL.~~ BO BTOpBIX, 51 CUMTAIO ropasio 0ojiee KOHCTPYKTUBHBIM pacCMaTpUBATh BO3-
3pEHHUsI COBPEMEHHBIX TPAHCTYMaHUCTOB HE C TOYKU 3peHUs (PUKCAIMU UX IKCTpe-
MaJbHBIX SK30THUECKUX XapaKTEPUCTHK, a B 0oJjiee MIUPOKOM KOHTEKCTE MX BO3-
MOKHOM CHUHEPrUuiHON KOHBEPTeHIIMH CO BCEM MEXKIUCUUIUIMHAPHBIM (M TpaHC-
JTUCIUIUTMHAPHBIM) KOMIUIEKCTOM COBPEMEHHOI'O COIIMOTYMaHUTApHOT'O 3HAHUS.
Hanpumep oaHa u3 pa3HOBUAHOCTEN TPAHCTYMaHHU3Ma — 9KCMPONU3IM — OPUEHTH-
pyeTcs Ha Takue KOHLENT-NPUHIUIIBI KaK «camo-TpaHchopMalusy», «IMHaMHU4Ye-
CKHMIl ONTUMHU3M», «UHTEIIEKTYalbHbI TEXHOJIOTU3M», «CIIOHTAHHOE YNOopsI0Ye-
HUE», «OTKpbIToe obiectBo» (Makc Mop), KOTOphie, B CBOIO OUY€pEdb, MOTYT
CIYKUTh KOHCTPYKTUBHOM  METOHOJIOTMYECKOW OCHOBOM [JII OCO3HAaBa€MOTrO
yIpPaBJIEHUSI MPOLIECCOM KOHBEPT€HTHOW 3BOJIIOLMHM COLMOTYMaHUTApPHBIX HCCIIe-
JIOBAaHWW M TEXHOJIOTMM, BOBJICYEHHBIX B CTAHOBJIEHUE Tak Ha3zbiBaemoro NBIC-
TeTpasapa.”

ABTOpBI  «TETPA’APUUYECKON» KOHUEMINU B3aUMOCBA3U KOHBEPIreHTHBIX
texHoyioruii M. Poko u B. BaitHOpumk yTBEpKIar0T, 9TO KOHBEPreHIIHUs pealn3y-
€TCsl KaK CHHEPruiiHas KOMOWHAIMS YEThIPEeX OBICTPO Pa3BUBAIOIIMXCS OOJACTEH
HAyKd W TEXHOJIOTHH: (2) HAHOTEXHOJOTUM M HaHOHAayKH; (0) OMOTEXHOJOTHH H
OMOMEIMIIMHBI, BKIIOYasi TEHHYI0 WH)XXEHEpUIO; (C) MHPOPMAIMOHHBIE TEXHOJIO-
TUU, BKJIIOYas MPOJABUHYTHIN KOMIBIOTUHT U HOBBIE CPEACTBA KOMMYHHUKAIIUH; (1)
KOTHUTHBHbBIE HAYKH, B TOM YHCJI€ KOTHUTUBHBIE HEUPOHAYKU. Y TBEPKIAETCA TaK
e, 4TO celyac 3TU 00JIaCTH UYeIOBEYECKOH NEeATENbHOCTH, KaK 3BOJIOLMOHHO-
COTPSKEHHOM COBOKYITHOCTHU IMPAaKTUK MMO3HAHUS, U300pEeTeHUs] U KOHCTPYHpPOBa-
HUS, JOCTUIVIM TaKOTO YPOBHSI MHCTPYMEHTAJIBHOIO Pa3BUTHS, IPU KOTOPOM OHHM

) AHrIMiiCKHE TePMHHBI B CKOOKAX YKa3aHbl 110 HEOOXOAMMOCTH OOPaTHTh BHHMAHHE Ha €llle OJHY HEeMAoBa K-
HYIO TIpo0JIeMy: @ IMEHHO - po0JIeMy a/JeKBaTHOCTH MX MEPEBOJA HA PYCCKUH SI3bIK. B aHIIIOA3BIYHBIX IKCIIEPT-
HBIX TEKCTaX TEPMUH ‘“‘human enhancement” 3a9acTyl0 TPaKTyeTCs KaK KOHKPETH3ALUS «improving human per-
Jformance» ¢ IOTIOTHUTETHHBIM MOSCHEHUEM, YTO PEYb MIET O TEXHOJIOTMYECKOM YCHICHHUH, IPUPALICHUH YeIIOBe-
YECKUX CITIOCOOHOCTEH, MOAN(pHUKAINY YETIOBEYECKOM TEIECHOCTH U MHTEIICKTA.

! Apennr X. Vita activa wim o gestensHoii sxusnn. Cauxt-IerepGypr, 2000

** JIocTaTO4YHO IOTHOE TIPE/ICTABICHHE O COBPEMEHHOM COCTOSIHHH TPAHCTyMAHHUCTHUECKOrO JIBIVKEHNS KaK y HAC B
CTpaHe, Tak " 3a pyOe:KOM MOKHO COCTaBUTh 03HAKOMMBIINCH C COZIEpKaHUEM HeJaBHO Bbmiemeil kanru « Hosble
TEXHOJIOTHH U IIPOJOIDKeHNe 3Boronuy denoseka? (TpaHcrymaHncTnaeckuii npoekT Oymaymero). M., 2008

* Vmeercss BBULY (Urypa, 06BEMHO-TEOMETPHUECKH MPEICTABIAIONAS SMEPIKEHTHYIO coBOKymHOCTh (NBIC)
TIONIapHBIX B3aUMOJICHCTBHI KOHBEPTUPYIOUINX TexHoorui: Nano-, Bio-, Info-, Cogno-mporecc.
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JIOJKHBI BCTYNHUTh B MHTEHCUBHOE CUHEPTeTUYECKOE B3aUMOJICUCTBUE, PE3YIbTa-
TOM KOTOPOT'O SIBUTCSI CTAHOBJICHUE Kau€CTBEHHO HOBOW CyIEp-HAHO-TEXHOHAYKH,
OTKPBIBAIOIIIEH TEPE/] YeTOBEKOM U YEJIOBEYECTBOM HOBBIE TOPU30HTHI COOCTBEH-
HOM 3BOJIIOLIMY KaK OCO3HAHHO HAINpPaBJIsEMOI0 TpaHC(POPMATUBHOIO MpoIiecca.

EctecTBeHHO BO3HHMKAIOT BOMPOCH: O Kakoil COOCTBEHHO SBOJIOIUU UIET
peub (0 OMOJIOTHUYECKOM, COLMAIBLHON WK, OBITh MOXET, OuoconuanbHoi)? Kyna
U KeM (UM 4eM) 3TO IBOJIIOIUSA JOJKHA «HAMpaBisThesa»? Kakue popmbl oHa MO-
KET IPUHATH?

B KOHTEKCTe KOHBEPreHTHOIO TEXHOJIOTHYECKOro TeTparapa Poko wu
BoitHOpu1Ka OTBETOB HA 3TU BOMPOCHI MBI HE MOJTy4yaeM. ITa KOHIEIIHS UHCTPY-
MEHTaJIbHA TI0 CBOEMY I'€HE3UCY U CTPYKTYPHO COOTHOCHUTCSI C UYEThIPbMs Oa30BbI-
MU UJI€AJIbHBIMU 3JIEMEHTAPHBIMU HAHOOOBEKTAMU: aTOMaMH, T€HaMU, HEUpOHAMHU
U OWTamMu, CUMBOJMYECKH pacliojaraeMbIMU B ero BepinuHax. [Ipoiecc koHBep-
TEHIIMU, CHHEPTUUHOCTD TEeTpadjpa MpearnojaraeT, YTo «Ha ypOBHE HaAaHOMACIITa-
6a aromsl, nenu, koa [IHK, HeilipoHBl ¥ OUTHI CTAaHOBATCS B3aMMO3aMEHSIEMbI-
mi».”* TeM cambIM HaHOTEXHONOrWH cTaHOBsiTcs B NBIC—Mojenn cuHepretude-
CKHM IapaMeTpOM TMOpsIAKA, MOJUYHUHSIONIAM CBOEH JIOTHKE MPOIECC DBOJIIOIUU
KOHBEPIeHTHBIX TeXHOJOTHH. HaHOOOBEKThI CTaHOBATCS (DOKYCOM CHHEpPreTHdYe-
CKOW MHTETpaIUHU.

OnHako U3 3TOW CyOBEKTHOM JIOTMKH B3aMMO3aMEHSIEMOCTH HAaHOOOBEKTOB
ABOIOLIMOHHO-aHTPONOJIOTUYECKHIT AUCKYPC KaK TAaKOBOW  HE CKJIAJbIBAETCS.
Bnpouem, u camu aBTOpbl, U anojoretsl NBIC—koHIENmMu 310 00CTOATENHCTBO
BIIOJIHE OTYETIMBO CO3HAIOT, YTO COOCTBEHHO M HAIIJIO CBOE OTPaXKEHUE YK€ B
nepBoM U3 cepuu otyeToB HammonansHoro Hayunoro ¢onma CIHIA, koTopslii co-
JIep’KaTeIbHO OPraHM30BaH HE BOKPYT OOCYXKIIEHHS COOTBETCTBYIOIIUX TEXHOJIO-
TUYECKUX MPoOJIeM, a B CBS3H C BO3HUKAIOIIUMHU BOMTPOCAMHU, KACAIOUTUMUCS CIIE ]I~
CTBUH TEXHOJOTMYECKOT0 IMporpecca st oOIIecTBa, 00pa30BaHus, YIPABICHHUS.
CemppecsT crareil IepBOro 0TYETa Pa3HECEHHI MO CIECAYIOIIUM ISTH CEKIUSIM:

1. Pacmupenue 4enoBedecKoro Mo3HaHusl U KOMMYHUKALIM Y.

2. YayulieHne 4eI0Be4YeCKOro 3J0pOBbs U PU3NYECKUX CIOCOOHOCTEH.

3. IoBeimenue 3(pPEeKTUBHOCTH KOJIEKTUBHOM JESTEIILHOCTH.

4. HanimonanbHasi 6€3011aCHOCTb.

5.00beaHEHNE HAYKH U 00pa30BaHUS.

B sToM ke oTueTe, a Tak e MOCIeAYIOIHNX €CTh MHOKECTBO TITyOOKHUX MPO-
THO30B, WIH JyYIlI€ CKa3aTh «BUICHUN» (Visions), Kacalomuxcs «human enhance-
ment» B KauyecTBE JICUTMOTHMBAa TEXHOJOTMYECKOTO Pa3BUTHUS KOHBEPTUPYIOLIUX
TEXHOJOTHM. TaM ke MOKHO HaTH JOCTaTOYHO MHOTO YTBEPXKICHHUMN O PEHECCaH-
C€ HayKH, O €€ HOBOM €JMHCTBE, OCHOBAHHOM Ha BHYTPEHHEM €JIMHCTBE MPUPObI
Ha YpOBHE €€ HaHOMaciITa0oB. TeM caMbIM, B CTpaTErMueCKOW MEPCIEKTUBE BTO-
poit nomtoc NBIC nHunmatuBel, Kacarouuicst IpoOaeMbl «pacIIUPEeHUs] YeIoBeye-
CKHMX BO3MO>KHOCTEI1» OKa3bIBa€TCSI BO MHOTOM JIMIIEHHBIM COLIMOTYMAHUTAPHOTO
coaepkanusi. OH OKa3bIBa€TCs MO CYTH PEAYLIUPOBAHHBIM K NIEPBOMY, CYT'y0O TeX-

** Bouchard R. BioSytemic Synthesis. Science and Technology Foresight Pilot Project, STFPP Research Report #
4,0ttava,June 2003
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HOHAY4YHOMY acleKTy JaHHO# mpoOsemsl. [IpaBnma, 3Ta peaykius B HEKOTOPOM
CMBICJIE SIBJISIETCS 3aByaJIMPOBAHHOM, TaK CKa3aTh PEIYKIIMEH «BTOPOTO POJIay, Mo-
CKOJIbKY OHa MPEeAYCMOTPUTEIBHO aneuIMpyeT K MEXKIUCIUIUIMHAPHON CUHEPTUU
OTKPBITHSI U KOHCTPYUPOBAHUS, TO-€CTh K HEKOE MHOTOYPOBHEBOW CaMOOpraHu-
3aIluU U 1EJIOCTHOCTU. TeM He MEHee, OHa, IMyCTh U B HESIBHOM BHUJE, HO MPUCYT-
CTBYET U 3TO OOCTOSITEIHCTBO YEPE3BBIUANHO BAXKHO UMETh BBUAY JJI TOHUMAHUSI
crieluPuKH TOH KauyeCTBEHHO HOBOM (CIOKHOCTHOM) CUTyallud, KOTOpas ceiuac
BO3HUKAET B CBSI3M C OCMBICIEHHEM BCEro MpobiieMHOro nouss «human enhance-
ment» B TOM €ro BUJE, KaK OHO COOTHOCHUTCSI ¢ cuHepruiiHou ¢urypoit NBIC-
TeTpa’apa.

35ech peub UAET O PEAYKIUU «BTOPOrO pojay, MOCKOJIbKY «BHYTpu» NBIC-
TeTpadapa Kjiaccuueckass MeXXIUCIUIUIMHAPHAS PEIYKIUSI KaK TaKOBasi OTCYTCTBY-
€T WIM OTPAaHMYCHA B MOJb3y KOHCTPYKTUBHOM CHHEPrUHWHON KOMMYHHUKAIIUH,
noJjiep>KuBaeMoil Metagopoil B3aMMOOOMEHHMBAEMOCTH BEPIIMH-OOBEKTOB KOH-
BEPreHTHOI'O0 HAHOTETPadIpa: aTOMOB, T€HOB, HEMPOHOB, OUTOB. Ceiluac HET BO3-
MOKHOCTH OOCYXXJIaTh BOIPOC O MPaBOMEPHOCTH OOBEAWHEHUS] aTOMOB, T'€HOB,
HEHWPOHOB M OMTOB TOJ OJTHUM «30HTHYHBIM» TEPMHHOM HAaHOOOBEKTHI. OO 3TOM
MOMAET pedb B APYroM MecTe. 37eCh BaXXHO TOJIBKO OTMETHb, UYTO HAHOOOBEKTHI —
9TO He 0OoJiee YeM CHUMBOJMYECKHE MPOAYKThl KOTHUTHBHOW MammHbl Jlekapra,
POJYKTHI TPAKTUK «OUMIIECHUS», CO3/IAI0IINX, coryacHo bpyHo Jlatypy «iBe co-
BEPUIEHHO PA3JIMYHbIE OHTOJIOTUYECKUE 30HbI, OJHY U3 KOTOPBIX OCTABIISIOT JIFOH,
IPYTyI0 — «HedenoBeku2 (non-humains)».” OISTh—TaKH He YIIyOISSICh B II0-
IPOGHOCTH aKTopHO-ceTeBoit Teopuu (ANT) Jlatypa®, 3ameTm eire, uto B GOKy-
ce BHUMaHus JlaTypa, ero cummempuiiHoti aHmponoio2uu, HaXoauTcs: mpoodaema
IPEOJIOJIEHUS TOTO, UTO OH Ha3bIBaeT Benukum pasnenenunem (wim pazpsiBoMm) Ho-
BOT'O BPEMEHU.

DTO pa3feneHue OTCHUIAET K «JBYM COBOKYIHOCTSM COBEPILEHHO pa3jiny-
HBbIX MpakTUK». O BTOPOW COBOKYIMHOCTH IMPAKTUK «KPUTHYECKOI'O OYHUIICHUS
(mammHax Jlekapra) yxe ObUIO YIIOMSHYTO BhImIe. UTo ke KacaeTcs mepBoi COBO-
KYITHOCTU TPAKTUK, TO OHA COOTBETCTBYET TOMY, uTO JlaTyp Ha3bIBaeT CETSIMH.
OTU NpaKTUKU MOXKHO €lle Ha3BaTh MammHamu Jleppuna-Jlenesa. Ux nponykramu
SABIIIETCS BE3JECyIIasl pealbHOCTh THOPUIOB TPUPOABI U KYJIBTYpbI, WA KBa-
3MO0BEKTOB WJIH, OBITh MOXKET, «CyOBEKT-OOBEKTOBY», KOTOPBIC «IEPEIIaruBaroT
qepes Gapbepbl MEXKIY KY/IbTYPO H MPUPOJIOH, AEATEIEM K MATEPHAIOM» .

Torna dynnamenranbHoe ¢Guaocodckoe 3HAYCHHUE KOHBEPTHPYIOUIUX TEX-
HOJIOTUM COCTOUT TMPEXJAEe BCEro B TOM, 4YTO BHYTpuU cuHepruitHoro NBIC-
TeTpaj’Apa HAHOOOBEKThl KAK MPOAYKTHI JIEKAPTOBCKUX («HOBOBPEMEHHBIX» IO
tepmuHonoruu b. JlaTypa) mpakTuk «ouutieHus», TpaHCHOPMHUPYIOTCS B MHOXKE-
CTBO THOPHIIHBIX KBa3MOOBEKTOB, KAK MPOMYKTOB MPAKTUK MEIUAIMH B CMBICTIE
Bce Toro ke Jlatypa. O ToMm, uTo TpaHchopmaIus IPOUCXOIUT B popme ee npax-
Mu4yecKko2o0 OCO3HAHUS COOOIIECTBOM «HAHOYYEHbIX» JIOCTATOYHO KPACHOPEUMBO

* Jlatyp b. HoBoro BpeMern He 6bLI0. Dcce 110 cHMMeTpHitHoii antpononorun. CI16, 2006, ¢.71

*% KCcTaTH TOBOPS, ABISAIONIEHCS B HACTOAIIEE BPEMS CAMBIM HOAXOMAIIMM HHCTPYMEHTOM JUISl 4/IeKBATHOM KOHIIETI-
TyaJIN3aI[1 BCEro MPOOJIEMHOTr0 MOJIST KOHBEPTUPYIOMIMX TEXHOIOTHI Kak TEXHONOTHH «human enhancementy.

*" IIaeuc D. TeXHOrHO3MC:MUP,MArHsl M MHCTHIIM3M B HH(OPMAIHOHHYIO d1oXy. Exatepuu6ypr, 2007, c. 25
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CBUJIETENBCTBYET YTBEPKIECHUE OJHOr0 U3 yyacTHHKOB nepBoro NBIC-workshop:
«Ecnu koenumuenolil yuenviii MOKET IOMBICTUTB 3TO, HAHO JH00U CMOTYT MOCTPO-
UTb 3TO, OUO 100U CMOTYT BHEIPUTH (implement) 3T0 U, HaKoHel, 1T 100U CMOTYT
MOHHUTOPHUTH U KOHTPOJIUPOBATH 3TO». " 31€Ch Mbl HAXOAUM MNPEBOCXOAHBIN MpPU-
Mep KBa3UCYyOBEKTOB, UMEIOIIUX JIEJIO C KBa3MHAHOOObEKTAMU.

Urak, Bmecto aekaproBckoro NBIC-Terpasipa BO3HUKAET TEXHOJOTUYECKHU
OMOCPENOBAaHHASI KOHBEPTEHIIUS MEXAY MAaTepUATbHBIMU YPOBHSIMU PEATbHOCTU U
KOTHUTHUBHBIMM YPOBHSIMH YEJIOBEYECKOrO OmbITa. Takoro poga Meauauus npo-
YeccHo peanu3yeTcs B HaHomacwmabe TEHepaluell Bce OOJBIIEero KOJIMYeCcTBa
MEIMAaTOPOB — KBa3WOOBEKTOB-BEIIEH M 3HAKOB, KaK KBA3WUHTEPCYOBEKTHUBHBIX
KOMMYHHMKATOPOB. B TakoBbl€ M NpEeBpAIIAIOTCA MPEKIE BCETO NMPEABAPUTEIBHO
«OYMILIEHHbIE» UACAIbHON MalnMHOM JlexkapTa aToMbI, TeHbl, HeHpoHbl U OuThl. Ho
3/1eCh HE CIIy4ailHO BbIJEJIEH KYpCHUBOM TEPMHH «HAHOMACIITa0», MOCKOJIBbKY 3a
€ro rpaHudllaMHM TpHUpoAa, OOIIECTBO U AMCKYpc, mo cioBaMm Jlatypa, «Bce emie
YAEP>KUBAKOTCS HAa PAaCCTOSIHUM APYT OT JIpyra U BCE TPU HE MPUHUMAIOT yYacCTHUsl B
paboTe Mo CO3/aHUI0 TMOPHUIIOB, OHH (POPMUPYIOT yKacarolluii 00pa3 HOBOBpeE-
MEHHOTO MHpa: a0COJIIOTHO BBIXOJIOIICHHBIE MPUPOJIa M TEXHUKA; OOIIECTBO, CO-
CTOSIIIEE TOJBKO M3 OTPAXKEHUH, JOXKHBIX MOJ0OMM, WILTIO3HUM; TUCKYPC, KOHCTHU-
TYMPOBAHHbI TOIHKO HBNEKTAMH CMBICIIA, OTOPBAHHOTO OT BCEIO OCTATHHOIO».

Takum oOpaszoMm, mpoOieMa COCTOMT B TOM, UYTOOBI BCAYECKU CTHUMYIIHPO-
BaTh IIPOLIECC KOHBEPTEHTHOIO PACIIMPEHUS MPAKTUK TEXHOKYJIBTYPHOM aHTPOIIO-
JIOTUYECKU OPUEHTUPOBAHHON MeAMAINK, PEKYPCUBHO MOPOXKIAIOIINUX THOPUIHBIE
KOTHUTHBHBIE MHTEP(HINUCH MEXIYy KOHBEPTHUPYIOUIMMHU YPOBHSIMH PEaTbHOCTH.
[Ipu sTOM CrodHCHOCMHOCMb KaK Hepedyyupyemdas yeioCmHOCmb U €CTh TOT TO-
TEHUHUAJIbHBIA KOHTEKCT, B KOTOPOM 3Ta «JIBOWHAs» TEXHOKYJIbTYpHasi KOHBEPreH-
1S TOJIBKO U MOXET B MOJHON MEpE OCYIIECTBIISITHCA.

W3 Bcero cka3aHHOTO BBINIE JOJIKHO OBITH JOCTATOYHO SICHO, BO-TIEPBBIX,
noyeMy NBIC-kOHBEpreHIMU MPUITMCHIBAETCS CTOJIb BBICOKMM CTpaTEeruyecKuid
CTaTyC W MOYeMy OHa MPUBIIEKIIA CTOJb OOJBIIIOE BHUMAHUE B CAMbBIX Pa3HBIX pe-
ruoHax mupa. M, BO-BTOPBIX, MMOHITHO, IOYEMY OHA, IO KOHTPACTY C aMEpUKaH-
CKHM TIOJIXOJO0M, BbI3BaJla B EBpoIe HOCTAaTOYHO MHOTO KPUTHKU. DTa KPUTHKA
Obia mpexactaBieHa B EBpomeiickom oTuere «KoHBeprupymomue TEXHOIOTHU —
dopmupoBanue Oyaymero EBpormeiickoro coodbmectBay. CyTh KPUTUKHA CBOJUTCS
K YTBEPKIEHUIO, UTO B paMKax amepukaHckuil NBIC-uHHIIMaTUBBI yCMaTpUBaeTCs
TEHJICHLIUSI CUUEHTUCTCKU-TEXHOJOTMYECKON (MU TEXHOJETEPMHUHUCTCKOW) pe-
nykuuu npodaemMsl «human enhancement» B 1yxe Bce TOro k€ MOHOTOHHOTO BO3-
pamenus (Re-entry) Kk 1eKapTOBCKUM MPAaKTHKAM «OUYHUIIEHUS», 4 HE IIUKINYECKH -
PEKYpPCUBHOIO MEpeXo]a K MPAKTUKaM MEWALNU, B PE3YJIbTAaTe YEr0 OKa3bIBACT-
Cs BO MHOTOM YTPAu€HHOU croxcHocmHocmob (complexity) aHTpOMHOTO (aHTPOIIO-
JIOTHYECKOT0) MOJIIoca Mpo0iIeMbl, 0COOCHHO B €€ COIIMO-KYJIbTYPHOM U3MEPEHUU.

* Roco M.C. & W.S. Bainbridge, Eds. 2003. Converging Technologies for Improving Human Performance. NSF-
DOC Report. Boston: Cluwer. P. 13
** Natyp B. Ykas.cou. c. 133
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Mexay TeM akTyalbHOCThH npoOiembl «human enhancement» HeoObIYatHO
BO3pOCJIa UMEHHO B KOHTeKCTe BO3HHKHOBeHMs NBIC-nnunumartussl. Pazymeercs,
ne6aThl 10 MOBOAY «YIYUIICHUS WM PACIIMPEHUS» YEIOBEKa U €ro CIOCOOHOCTEH
KaK (PU3WYECKUX, TaK U MHTCJUICKTYAJIbHBIX BEJIUCH 3a0JTO JIO TMOSBICHUS KOH-
ueniuu NBIC-konBeprenunu. OIHAKO UMEHHO TOCJIE€ €€ MOSBICHUS OHU BBILIIN
Ha HOBYIO ctanuto — «Cmaouro—/{eay (George Khushf).

[lepBast cragust — 3TO MPOILIbIE 1e0aThl, KOTOPHIC XOTS M OBLIM CBS3aHBI C
COOCTBEHHO MEIUIIMHCKUMU TMpoOieMaMu OOJIE3HH M BOCCTAHOBIICHHUS 370POBbS,
KOHIICHTPUPOBAINCH B OCHOBHOM BOKPYT MPOOJIeM JONUHTa B CIIOPTE, KOCMETHY e-
CKOU XHPYPIHH, a TaK K€ «yMHBIX TaOneTok» (smart drugs). Otu tpu chepsl
NpakTUK «enhancement» XOTs W CYHUIECTBYIOT BO MHOTOM OOOCOOJEHHO APYr OT
Apyra, TeM He MeHee 001a/1aloT HEKOTOPhIMH oO0IuMu deptamu. [lepBas — 3o ux
CBSI3b C MEJUIIMHOW M MPUCYTCTBUEM Bpada. Bropas — MX «IUCKPETHBIN» Xapakx-
Tep. TpeTbss — TO, YTO OHHU CIYXKAT JIOCTATOYHO Y3KHUM, CHCIUPUUCCKUM IIEISAM.
YerBepras — 1T paKTHKU «enhancementy MOTYT IIOMHAMO MPOYETO MPUYUHATE BPE/I,
KOTOPBIM JIOJDKEH OBITh MICHTH(PUIIMPOBAH M M3ydeH. [IsaTas — B TO Bpems Kak
NpakTUKH «enhancement) Kak MpaBUJIO JAIOT SICHBIC, MMOAMAIONIUECS JOKYMEHTA-
1uu 3P PexThl, ITU 3PPEKTHI ABISIIOTCS OTHOCUTENBHO yMepeHHbIMU. 30ech Hem U
peuu 0 BO3HUKHOBEHUU PAOUKAILHO HOBbIX C8EepXuesioseuecKux CnocoOHOCmel.
[ToaTomy, pestomupyet Jxopmx Xamd (George Khushf), conranbHbI U dTHYE-
CKU aHaliu3 MPAKTHK «enhancementy MmepBOd CTaTuU MOKET BIIOJIHE OCYIIECTB-
ASThCS B (hOpPME OLIEHKH PUCKOB M BBITOJT TAKOTO YIIYUIICHHUS.

WNuoe neno Cmaous-/{ea, nipu kotopoit NBIC-koHBepreHIus BBI3bIBACT K
KU3HU HOBBIE TEXHOJIOTUU human enhancement (HET). Jlns Hee, coryiacHO
Xarigy, XapakTEepHbI CIEAYIONIUE YePTHI.

Ilepsas ocobennocmo. «Enhancement» o0ecrieunBaeT Kauye€CTBEHHO HOBBIC
criocoOHocTH. PasrpanmuuTenpHbI Oaphep BpaueBaHHEM M «enhancement» pas-
MbIBaeTcs. Hampumep, ciemnoit yeaoBeK ¢ HEMpo/BHaAEO HHTEP(PINCOM MOKET 00-
PECTH BO3MOXXHOCTH BHUJIETH JIOMOJHUTEIHHO B UPpPaKpaCHOM WM YJIbTpaduoie-
TOBOM JTHaIa30He.

Bmopasa ocobennocms. «Enhancementy oxa3plBaeTcs MHOTO()YHKIIMOHATb-
HbIM. Tak mHTEpPIC «MO3Tr-MammHa (KOMIBIOTEP) MOXKET MMEePBOHAYAIBHO IICH-
TPUPOBATHCA HA yCTPAHEHWH HEKOTOPOTrO CHenu(UUecKoro HemaoCcTaTKa, HampH-
Mep, TIOTePH 3PEHHUs], HO CO3/IaHHAsI C ATOM IEIbI0 TEXHOJOTHS MOXKET, MOJ00HO
COTOBOH CBSI3M, cama Mo cede OOpPEeCTH MHOMXECTBO JOMOJHUTEIBHBIX (DYHKITHH,
CO3/IAOIIUX HOBBIM IIMPOKUM JAUANAa30H BO3MOXXHOCTEW I MOPOKICHUS U HC-
CJIEIOBAHUS HOBBIX (DOPM HETOBEUYECKOM KU3HEAEATETHHOCTH.

Tpemwvs ocobennocms. TpaeKTOpUH pa3IUUHBIX MyTeH «enhancement) pas-
MBIBAIOTCS M TEPEIUICTAIOTHCS, BOBICKASICh B KOHBEP2eHYUIO PABTUIHBIX TEXHOJIO-
ruii. TeM caMbIM TPOUCXOIUT HeloKanu3amus mpobieMbl «enhancementy», ee
TpaHcpopManus B TPOOJIEMYy CTAHOBIEHUS HOBOM TEXHOKYIBTYpPHl THOPHIHBIX
uHTep(H3icoB (KBa3UOOBHEKTOB).

Yemeepmas ocobennocms COCTOUT B TOM, UTO «enhancement» pa3BUBACTCS
B yckopeHHOM Temre. COoOCTBEHHO IieHTpanbHON TeMou NBIC—workshop v Obin
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BOIPOC O TOM KaK HaWjaydlIuM 0Opa3oM KaTaJM3UpPOBATH MCCIENOBaHUS B cepe
«enhancement.

Hy u nakoneu, namas ocobennocms BTOPOW CTaJUU TEXHOJIOTUYECKOIO
yIYUIICHUSU PACIIUPEHUs] YEJIOBEKa 3aKJII0YeHa B YTBEP)KJICHHUH, UYTO HMEHHO
«enhancement» nacT 3HAYUTENIbHBIE MMPEUMYILECTBA TEM, JJISI KOIO 3T TE€XHOJO-
MU CTaHyT JOCTYNHBIMHU. B COpeBHOBaTeNbHBIX KOHTEKCTax Ou3Heca, oOpa3oBa-
HUSI, BOGHHBIX NPWJIOKEHUSX [IaBJICHUE B MOJb3y HUCHOJb30BaHUS «human en-
hancement technologiesy», Oynet HapacTaTb, a BbI3BaHHbIE UMU TTPOOJIEMbI CTAHYT
MEPBOCTENIEHHBIMUA U BCEITPOHUKAIOITUMH JIJIsl IOBCETHEBHOM KM3HU BCEX JIFOCH.

Yro ke Bce-Taku cleAyeT U3 BCEro CKa3aHHOro (MM Mepecka3aHHOro) HaMU
BbIIIIE?

[lepBoe, 4TO MPUXOAMUT B TOJOBY, TaK 3TO HCKYIIEHHE CKa3aTh, YTO IO-
ckoibky Cmaous-/{6a 4enoBeUecKOoro yiy4lleHuss HAaCTyUT B OyayIlieM mpumep-
HO yepe3 JBa JecsATKa JIET, TO U OeCOKOUTCS noka He o yeM. [lomoxaem u yBu-
JTIM.

OnHako ecThb OCHOBaHHUS IOJjaraTh, 4TO TPAJAWIIMOHHAS ABYXCTYyIEHYATas
MOJIeNIb — CHayvajla UCCIEJOBAHUS W Pa3pabOTKH, a MOTOM ITHYECKHUE U COIHO-
KyJbTYpPHBIE OIIEHKH IMOCJEICTBUI — B CUTyalluu HIMPOKOTO MCIOJNb30BAHUS «hu-
man enhancement technologies» ¢ WX CHHEPTrUHHO YCKOPSAIOMIMMCS TEMIIOM,
TpaHC(HOPMATUBHBIM TOTCHIIMATIOM, PaJUKAILHOCTEIO M HOBHU3HOM, BMECTE C
HEIPEOJO0JEHHBIM 10 KOHIIA TEXHOJOTHYECKUM JETEPMUHU3MOM U PEAYKIHNOHU3-
MOM sIBHO ycTapena. Ho toraa, 4ro B3ameH?

N eme. Hackonbko MbI BCe JAOHKHBI OBITh 3aMHTEPECOBAHBI B MPOEKTE, KO-
TOPBIA CTaBUT CBOEH LEIbI0 OCYIIECTBUTh PEUHKUHEPHUHI (MM aIlCPIUIMHT)
HamMX 0a3MCHBIX YeJIOBEUECKUX crocobHocTel? OnHako Kak Obl MBI HE OTBEYANIN
Ha 3TOT BOIPOC, HEOOXOIUMO OCO3HaBaTh, YTO TaK WM HWHA4ye, «Mbl BCE CTaHO-
BUMCS B HEKOTOPOM CMBICIIE CYOBEKTaMHU HCCJIEIOBAaHUS, BOBICYECHHBIMH B ATOT
HOBBIU BEJIMKUM IKCIIEPUMEHT)», UMEIOIUHU I10 CYTH JI€J1a HE TOJIBKO €CTECTBEHHO-
HAaY4YHbBIM U HAYYHO-TEXHUYECKHI, HO U COUAITBHBIN ACIICKTHL. "

Cnenaem emie OJHY PEKYPCHUBHYIO UTEpALUIO U BEPHEMCS K KOHKPETHOMY
IpUMEPY HAHOTEXHOJIOTUYECKON MEXIUCIUIUITMHAPHOCTH. Kak yXe ynmoMHHAIOCh
BbIII€, HAHOTEeXHOIOTUs «BHYTpu» NBIC- TeTpasapa urpaet poiab CHUHEpreTuye-
CKOr0 IMapaMeTpa MOopsiaKa B MPOLIECCE KOHBEPIE€HUUU SMEPKEHTHBIX TEXHOJO-
ruil. B 9TOM KauecTBe BCS «CHUCTEMHO-CIIOKHOCTHAS» CIeM(PUKa KOHBEPTUPYIO-
MUX TEXHOJOTUN «UIUTHIIUTHO-TOJOTpadUYeCKn» TPEICTaBlIeHa B cCHeIU(UKe
HaHOTeXHOJOTHI. OHA U3 TaKUX CIIENU(PUISCKUX YePT HAHOTEXHOJIOTUNA KPOETCS
B CBSI3aHHOM C HEl HOBOM MOHMMaHUU MEXIUCIUIUIMHAPHOCTH. TouHee cka3arh,
CTAHOBJIEHUE HAHOTEXHOJIOTMYECKOM MapaJurMbl KaKk KaueCTBEHHO HOBOI'O HAHO-
TEXHOHAYYHOI'O MPOCTPAHCTBA UCCIEAOBAHUN U pa3paboTOK, caMo Mo cede BeneT
HAaC K «MHOTOMEPHOMY» MOHHMaHUIO TEPMHHA «MEKIUCHUILIMHAPHOCTHY, K IO-

*% Khushf G.The Use of Emergent Technologies for Enhancing Human Performance: Are We Prepared to Adress
The Ethical and Policy Issue.
http://www.ipspr.sc.edu/ejournal/ej511/George%20Khushf%20Revised%20Human%...
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HIMaHHIO CYIIECTBOBAHMS Pa3HBIX THIIOB MEKIAHCIMIUIMHAPHOCTH.> MBI OHAKO
He OyJieM 371eCb BXOJIUTh B JICTAIbHOE PACCMOTPEHUE «MHOTOMEPHS» KOMMYHHUKA-
TUBHOTO MHpa MEXIUCIUIUIMHAPHOCTH, OTPAaHUYMUBIIKCH yKa3aHUEM Ha Cylle-
CTBOBAHHE UYETHIPEX PasHBIX €€ THIIOB.”> VIMEHHO: MEXIUCLIHUILIMHAPHOCTD COOT-
HocuMyto ¢ (1) oObekTaMu (OHTOJOTHYECKAsT MEXKIUCIUIUIMHAPHOCTH); (2) Teo-
pUsAMH (AMUCTEMOIOTHYECKAsT MEXIUCITUTIIIMHAPHOCTS); (3) MeTogamu (METO0J10-
ru4eckas MeXIUCIUIUIMHAPHOCTH); (4) mpobiemamu. M Torna NBIC-mexauciu-
IUIMHAPHOCTh, [UPKYJSIPHO MOJYMHEHHAs] HAHOTEXHOJOTMYECKON mapagurme oxa-
3bIBa€TCA OJNMKE BCEro K OOBEKTHOM MEXIUCUUIUIMHAPHOCTH. JTUM MOKHO 00b-
SICHUTh BBIJICJICHUE YETBEPKHU B3aWMOCBSI3aHHBIX HAaHOOOBHEKTOB (aToM, I'eH, OuT,
HelipoH). Ho cnenudrka MeXIUCIUMTIIIMHAPHON HAHOKOHBEPTCHIIMU ATUM HE Orpa-
HUYUBaeTcs. /[eno B TOM, UTO HAHOOOBEKTHI — BOBCE HE OOBEKTHI, OTKPHIThIE (HH-
3UKOM, Ouosorueit, Hedpodusunomorueit u T.1. OHU OJHOBPEMEHHO U TEXHO-
00BEKTHI, TO €CTh CYIIIHOCTH, BOSHUKIINE (MM CO3/IaHHBIC) B MPOIECCE UX TEXHO-
HAy4YHOT'0, MHXKEHEPHOT0 KOHCTpyupoBaHus. HaHOOOBEKTHI — 3TO UCKYCCTBEHHBIC
CYIIHOCTU. (DTUM Tak)Ke MOXKHO ONpaBIaTh WX MMEHOBAHHE B Ka4eCTBE KBa3H-
00beKTOB). TeM caMbIM HAHOOOBEKTHI HAXOJATCS B (POKYCE CHHEPTeTUYECKU OpU-
€HTUPOBAHHON MEXIUCHUIUITMHApHOCTH. Hamomuum, uro cornacHo ['. Xakeny,
CHHEpPreTHKa KaKk Hayka O CaMOOpraHu3aluu, MPeIMETHO pacrojaraeTcs Ha rpa-
HUIIE €CTeCTBEHHOTO M HMCKYCCTBEHHOTO MHUPOB: MHUpa MHPHUPOJbI, OTKPHIBAEMOM
(packoi10BbIBAEMOM ) UETOBEKOM W MHUpa TEXHUKH, UM CO3/1aBa€MOM.

Takum 00pa3oM, HAHOTEXHOJIOTHS TBITAETCS MOHATH U UCIOJIB30BATh MPUH-
IIUIIBI, JIeXKAIIKEe B OCHOBE MPUPOJIHBIX MPOLIECCOB (U, MIPEXK]IE BCETO, MPUHIIHI CHU-
HEPruiHOTO €MHCTBAa MPUPOJABl HA YPOBHE HAHOMACIITAOOB) IS MPEOIOJICHUS
TPAIUIIMOHHBIX 0APHEPOB MEXKAY €CTECTBEHHBIMU HAYKaMU U UHXKEHEpHUEH; NHKe-
HEPHBIMU HayKaMU M TEXHOJOTHSIMU. TeM caMblM HAaHOTEXHOJIOTHIO MOYKHO Tak
KE paccMaTpHUBaTh M KaK CBOETO POJa METATEXHOJIOTHIO, TEXHOJIOTHIO «BTOPOTO
MOPSAZIKA», TEXHOJIOTHIO TEXHOJIOTHM, OTKPBIBAIOIIYIO MYTh IS BOSHUKHOBEHUS
IIEJIOT0 Beepa HOBBIX BO3MOKHOCTEH MpeoOpa3oBaHus YEIOBEKOM KaKk MUpPA, B KO-
TOPOM OH ce0si 0OHApYKUBAET, TaK U caMoro cedst B 3ToM mupe. Erie pa3 otme-
TUM, YTO HAHOTEXHOJOTMYECKOE MOHMMAHHE €JWHCTBA MPUPOABI (MU COOTBET-
CTBEHHO, €IMHCTBA (HOPMHUPYIOMIEHCS HOBOW HAHOHAYKH) OOBEKTHO MEXKIUCITHU-
IUTMHAPHO,

WNuaye roBopsi, 0OBEKTHO-OPUEHTHUPOBAHHAS HAHOMEXKIMCIUTIMHAPHOCTD
OKa3bIBAETCSI HEJOCTATOYHOM YXE XOTS OBl MOTOMY, YTO OHA OCTaBISECT B TCHH
MEXIUCUUILUIMHAPHOCTh METOI0JIOTUYECKYIO0, KaK €IMHCTBO METOJO0JIOTHI OTKPbI-
TUS Y UHHOBAIIMOHHOTO KOHCTpyupoBaHusa. Ho U oco3HaHus 3TOM HEJOCTATOYHO-
CTU caMo#l Mo ce0e Tak K€ HEJOCTATOYHO YK€ MOTOMY, YTO METOJ0JIOrnYecKas
MEXIUCIUIUIMHAPHOCTh B CBOIO OYepeib JOHKHA ObITh KOMMYHHKAaTUBHO (JIHC-
KYpPCUBHO) COIpPSI)KEHA C TEOPETUYECKON (3MUCTEMOJIOTHYECKOi) U MpoOIeMHO U
MEXIUCUUIUIMHAPHOCThI0. OHAKO 3TU JBa MOCIEAHUX BUJA MEXIUCUUILIAHAD-

*! Jan C. Schmidt. NBIC-Interdisciplinary? A Framework for a Critical Reflection on Inter- and Transdisciplinary of
NBIC-scenario. Georgia Institute of Technology. Working Paper #26, April 2007
* Jan C. Schmidt. Op. Cit., p. 2
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Hoctu B mozenu NBIC-koHBepreHunm kak TakoBble OTCYTCTBYIOT. [IpaBaa, B mep-
BOM NSF-NBIC—oTuere roBoputcsi 0 BO3MOKHOCTH Pa3BUTHS MPEACKA3bIBAIOIICH
(predictive) conmanbHOM Hayku. boyiee TOro, yrBepkaaercs, 4YTo «yxke 3asiBUiia O
cebe TeHaeHuus (frend) Kk yHU(UKAIMU 3HAHHUS MOCPEACTBOM KOMOMHHMPOBAHHUS
€CTECTBEHHBIX, COLIMAJIBHBIX U TYMAHUTAPHBIX HAYK, B OCHOBE KOTOPOH JIEKUT MO-
JIe]Tb TIPHYHHHO-CIIEACTBEHHOTO OOBICHEHHs. - U nanee, B Ka4eCTBE MILTIOCTPa-
IIMK 9TOTO TPEHJla MPUBOAUTCS YXKE IIUTUPOBAHHOEC HAMU BBIIIEC YETBEPOCTUIIIHE
0 TOBOAY JACSATEILHOCTHBIX MPAKTUK (AyMaHUs, TMOCTPOEHUS, BHEIPEHUS, KOH-
TPOJIE U MOHUTOPUHTA) WJEabHbIX KBa3u-HAaHOCYObekTOB. Kak He 0e3 s3BUTENb-
HOCTH 3aMeuaeT, KOMMEHTUPYs 3To deTBepoctuinbe fAH IlIMuar, «ecth 4To-TO
upoHnueckoe B ToM, 4To IT Jiroau AOMKHBI KOHTPOJIMPOBATH TO, UTO KOTHUTUBHBIC
y4€HbIE MOTYT JayMmaTh. TakuM 00pa3oM MOJHOCTHIO HATypaJIM3UpPOBAHHAS TIPH-
YUHHas 1eNb MO0 BCEW BUIUMOCTH OKa3bIBAe€TCS CIIOCOOHOU paboTarh 6€3 Kakoro
au60 BiausiHUS (y4acTHs) 4eJOBEYECKOro areHrta, moao0Ho Jlemony Jlammaca 19-
oro cronetusi».”’ MTak, KOHBEPreHTHAS MEKIMCIUILIMHAPHAS CBS3b HAHOTEXHO-
jgoruu ¢ 6uo-, THPOPMAITMOHHBIMU U OCOOCHHO KOTHUTUBHBIMHU TEXHOJIOTHSIMU, C
HEO0OXOAUMOCTBHIO BBIBOJIUT HAC HA MPOOJIEMY UX MEAUATUBHO-CETEBOTO OCMBICIIC-
HUS B KOHTEKCTE MHTETPALlMM C COIMOTYMaHUTApPHBIM 3HAHUEM, OBITh MOXET B
paMKax MporpaMMbl CHMMETPUYHOUW aHTporonoruu bprono Jlatypa wiu coruanb-
HOTO KOHCTpykTHBM3Ma B jayxe H.Jlymana unu coBpeMeHHO# MmOCT(HEHOMEHOJIO-
TUU TEXHUKHA U TEXHOJIOTHUH.

B Hameil cratbe OKa3ajloCh 3aTPOHYTHIM JOBOJIBHO MHOI'O CaMbIX Pa3HBIX
BOMPOCOB. DTO, XOTS ObI OTYACTH, OOBSACHAETCA CTPEMIICHHEM IOKa3aTh (€CIN He
y0enuTh), 4To (GOpMHUpPOBAHME HOBOW TEXHOHAYYHOUH MPAKTUKU CHHEPTUUHO CO-
IPSKEHHOTO HAYYHOI'O MCCIIEOBAHUSI U MHKEHEPHOTO KOHCTPYUPOBAHUS B KOH-
TEKCTE Pa3BEPTHIBAHUS IMPOIIECCOB HAHOKOHBEPIE€HIIMHU, CTABUT MEPE] COBPEMEH-
HOM ¢unmocoduerd HayKu M TEXHUKH IEJIBIA PsJT HOBBIX BOIMPOCOB MEXKIUCITUTIIN-
HApHOTO U TPAHCAMCIUIUIMHAPHOTO 3HaueHHs. OTBETHI HA 3TU BOMPOCHI, B CBOIO
ouepeib, ¢ HEOOXOAMMOCTBIO MPEINOJIaraloT PEKyPCUBHOE PACIIMPEHUE U TPaHC-
dbopmaro ee MCCIea0BaTeIbCKOTO MO, IePEOCMBICIICHUE TIPEKHUX PUI0codh-
CKUX TIEPCTIEKTUB U KOHCTPYUPOBaHHE HOBBIX. [Ipu 3TOM 0COOBIN MHTEpEC mpe-
CTaBISIOT (prstocopCKre MPAKTHKHU, MTOPOKIAEMbIE KOHCTPYKTUBHBIM OCO3HABAH H-
€M TOM Ka4eCTBEHHO HOBOW CHUTYallMM MEKIHCIUIUTMHAPHOCTH, B KOTOpOH ¢op-
MUpPYETCSl COBpEMEHHAsA HAHOTEXHOHAyKa. BOT Kak ee ONMUChIBAET YK€ YIIOMUHAB-
muiics Hamu Bbilie bprono Jlatyp: «Bot yxe aBannarte jger, Kak MOU JIPY3bs U A
U3y4aeM OTH CTPAHHBIC CUTYaIlMH, KOTOPHIE HE B COCTOSHUU KJIACCH(PUITUPOBATH
Ta Cpella MHTEJUICKTYaJIOB, B KOTOPOM MBI OOMTaeM. 3a HEMMEHHEM JIydIleld Tep-
MUHOJIOTHH, Mbl Ha3bIBaeM ceOsl COIMOIOTaMH, UICTOPUKAMH, SKOHOMHUCTAMH, T0-
autonoramu, (uirocopamu u anTpomnosioramMu. Ho kK Ha3BaHHWSM BCEX JTHX IIO-
YTCHHBIX JUCIUIUIMH MBI BCSIKAN pa3 100aBIsIEeM CTOSIIIAE B POAUTEIIEHOM TaJIExKe
CJIOBa «HAYyKa» U «T€XHHKa». B aHIrIMHCKOM SI3BIKE CYIIECTBYET CIOBOCOUYETAHUE

**Roco M.C. & W.S. Bainbridge, Eds. 2003. Converging Technologies for Improving Human Performance. NSF-
DOC Report. Boston: Cluwer. P. 13
** Jan C. Schmidt. Op. Cit., p.4
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science studies, I ecTh elle, HalpuMep, JOBOJIBHO I'pOMO37Kas BokaOyia
«Hayka, Texnuka, o6mectBo». KakoB Obl HU OBLT SIPJBIK, peYb BCETJA UAET O TOM,
4yTo OBl BHOBB 3aBsi3aTh ['OpaueB y3en, MpeooseBas pa3pbiB, pa3Aesiomui ToY-
HBIC 3HAHUS U MEXAaHHU3MBI BIACTH — MYCTh 3TO HA3bIBACTCS MPHUPOJION U KyJIbTY-
poii. MbI camu siBIsieMcsl THOpHIaMH, KOe-Kak 00OCHOBaBITMMUCS BHYTpU Hayd-
HBIX UHCTUTYIIUH, MBI — MIOTYUHXEHEPHI, TOTY(HUI0co(pbl, TPETHE COCIOBUE HAYY-
HOT'O MHpa, HUKOTJ]a HE CTPEMUBIIIEECS K UCIIOJHEHUIO 3TOH POJU — CAeNaln CBOU
BBIOOp: OMHCHIBAThH 3aIlyTAHHOCTH Be3Je, TJe Obl WX He Haxoawnau. Hammm Boxa-
THIM SIBJIIETCA MOHSTHE MEpPEeBOAa WM CETU. JTO MOHATUE — Oojee rudkoe, yeM
HOHSTHE «CUCTEMay, OoJiee HCTOPHUECKOE, YeM IMOHITHE «CTPYKTypa». boiee M-
NUPUYIECKOe, YeM TIOHATHE «CIOKHOCTBY», — CTAHOBUTCS HHUTHIO ApHUagHBl IS
HAIIINX 3aITyTAHHBIX HCTOPHI» .

Hy n coBcem B 3akitoueHne, IMesl BBUAY PEKYPCHBHO 3aMKHYTh HAyayio M
KOHEIl TOT0 MOBECTBOBAHMUS, OCTABUB €r0 MPHU 3TOM aBTOMOITHUYECKU OTKPBITHIM,
C YAOBOJBCTBHEM MPUBEAY BBICKa3bIBaHUE JpHKa J[9BHCca, KOTOPHIM OH 3aBeplIacT
CBO MHTEJUICKTYaIbHBIN OecTcemiep «TexHornosuc: Mup, Marusi 1 MUCTHUITU3M B
MHPOPMAITMOHHYIO 3TIOXY», U KOTOPOMY 51 005i3aH KIIFOUEBBIM TEPMUHOM «CETe-
BOW MyTh» B €ro Ha3BaHUM. «Y MHOTHX oOuTaTeneil 3eMiu...MpOCTO Majo BHIOO-
pa: TIOBOPOT YK€ Ha TOpHU30HTE. MEIEHHO, ONBITHBIM ITyTEM, «CETEBOW IMYTh»
BO3HUKAET TOCPEAH CTPEMIICHUU W Xaoca—MHOTOTPaHHBIA, HO WHTETPabHBIHI
MOJyC JTyXa, KOTOPBII MOKET T'YMaHHO M Pa3yMHO IepEeABUraThCs MO TEXHOJIOT U-
4eCKOMY JIOMY 3epKaJjl, He BbIMajgas U3 pe30oHaHca C APEBHUMH MYTSIMH WIH CIIO-
COOHOCTBIO MIPEOJI0JIEBATh ATYHOCTh, HEHABHUCTH U 320y /IeHUE, KOTOphIe HaBIIe-
KaeT Ha ce0sl YeoBeYecKas KU3HbY .

3 JTatyp B. Ykas.cou. ¢.61-62
3¢ Toeuc D. Ykas.cou.
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VJIK 66.017

IIpupoaHbIie U HCKYCCTBEHHbIE KOHCTPYKIMOHHBIE
MaTepHuaJIbI

An. An. bepaun, A.1O. Illaynoe
Hncemumym xumuuecxou ¢puzuxu um. H.H. Cemenosa
Berlin@chph.ras.ru

AHHOTauMs: Martepuanbl, KOTOpblE HCIOJIb30BaJl YEJIOBEK B CBOEH nes-
TENbHOCTHU, BCET/la UTPAIM BaXKHYIO, & YACTO U OIPEACIIAIONIYIO POJib B IIporpecce
muBWiIM3anud. OHU ke Jalnyd Ha3BaHUS I1IeJIBIM 3TaraM pa3BUTHS YEIOBEUECTBA:
KaMEHHbIN BeK, OpOH30BBII BEK, jKeJe3HbIl Bek... KoHeuHo, ceifuac Kpyr Marepua-
JIOB, CO3/IaHHBIX M UCIIOJb3YEMbIX B OBITY U TEXHUKE, OCOOEHHO BOCHHOM, Upe3BbI-
YaitHo mupok. OIHaKo ¢ HeOOJIBIION 10Jei MPUCTPACTHOCTH COBPEMEHHYIO ATIOXY
MO>KHO Ha3BaTh BEKOM IMOJUMEPOB. B 3T0i cTaThe momneITaemMcs Mokas3aTh, 4To 4e-
JIOBEK B3sJ1 Y MPUPOJBI, a YTO MPUIyMal HOBOE U TJe ee OOOTHaJ, cTaj JeaTh
Jqyd4lie; T/€ €lle eCTh Pe3epBbl, YTO NPHUPOJAA TMOKa €Ile JAeNaeT Jyylle — 3TO,
HaBEpPHOE, CaMOE€ UHTEPECHOE.

Natural and artificial constructional materials

AL AL Berlin, A.Y. Shaulov
Semenov Institute of Chemical Physics of RAS
Berlin(@chph.ras.ru

Abstract: Materials used by man in his activities have always been playing an im-
portant and even decisive role in the development of the civilization. It is not acci-
dental that they gave names to the whole historical epochs: Stone, Bronze, Iron
Age... Modern epoch can be called the Polymer Age. In the report attempt to show
that the man has taken from the nature and that he contrived himself; where he has
overtaken it and began to make better and where still there are resources for search,
and also that the nature for the present makes better the man. The man is ahead of
the nature in many fields relating to creation of new materials. He creates number
metals and alloys resistant to various loads. We use oil as a raw material and synthe-
size a great number of organic polymers and high-strength fibers. Processings of var-
ious materials, especially polymeric, developed by the man have huge advantages
than natural one. We created composites with record strength and heat-resistance.

At the same time, there is a considerable lag in the development of gradient struc-
tures. Plastic ceramics is still a dream of the mankind. Inorganic polymers, inorganic-
organic composite materials (widespread in the nature) seem to be our future. They
shall be easy to process, shall have thermal, chemical and water resistance.
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Finally, we need a material, which could be used instead of oil and gas for synthesis of
organic polymers and composites - it could be natural polysaccharides, cellulose, chi-
tin, and proteins. It is necessary to develop new polymer processing methods that have
less environmental impact. One more important problem (especially from ecological
point of view) is reprocessing of constructional materials and subsequent use of such
products.

Konupysa npupody, uenoeex ee ynyuwiaem...

BBenenue

Martepuansl, KOTOpbIE HCIIOJIB30BAJI YEJIIOBEK B CBOEH JESATEIBHOCTH, BCETAa
UTpaJId BaXKHYI0, a YaCTO U ONPEAEIAIOUIYIO pOJib B ITporpecce nuBmiIn3auuu. OHu
Jake aly Ha3BaHWsS LEJNbIM dTalmaM pa3BUTHS Ye€JIOBEYeCTBA: KAMEHHBIH BeEK,
OpOH30BBIN BEK, JKeJe3Hblil BeK... KoneuHo, ceifyac Kpyr MaTepuanoB, CO3/IaHHbIX
U HCIMOJB3YEMbIX B OBITY M TEXHUKE, OCOOCHHO BOECHHOM, YpE3BBIYANHO HIMPOK.
OpHako ¢ HEOOJBIION J0JIel NPUCTPACTHOCTH COBPEMEHHYIO SIO0XY MOKHO
Ha3BaTh BEKOM MOJIMMEPOB.

B aT0i1 cTaThe momnbITaeMcs MOKa3aTh, YTO YEJIOBEK B3sUT Y MPUPOJIBI, a YTO
OpuayMai HOBOE U TJe ee o0OrHai, crai Jeiarh Jydylle; IIe elle eCThb pPe3epBbl,
4TO MpUpPOa MOKa elle JIelaeT Jdy4lle — 3T0, HABEpHOE, CaMO€ UHTEPECHOE.

CpaBHeHne Pa3JIHYHBbIX KOHCTPYKIIMOHHBIX MaTCpHUaJI0B

Tabnuya 1. JJocmouncmea u HeOOCMamxu pasiuyHbvlX MAmepuaios.

Marepuan JlocTonHCTBA Henocratkn
MeTamibl 1. Coueranue nMpoYHOCTH U Bsi3- | 1. BeicOKkuii ynenbHbIN BeC;
KOCTH pa3pylICHUs 2. Uem nipodHel, TEM XpyITye;
3. TlepepaboTka
Heopranuka 1. Boicokas mpodHOCTH™ U 1. Xpynkocts;
(kepaMuKa, YKECTKOCTb; 2. CnoxHas epepadoTka
CTEKJIO) 2. TepMOCTOHKOCTB;

3. Huskuil yienbHbIl Bec.

Opranunueckue | 1. Coueranue npoyHocTH U BsA3- | 1. Hu3kas TepMOCTONKOCTS;

IIOJIMMEPBI KOCTH pa3pylICHUs, 2. I'oprouecTs;
2. DddexTuBHOCTH IepepaboT- | 3. Huzkas okucnutenpHas u
KU, pagualvoOHHas CTOUKOCTh
3. CaMblil HU3KUN YAEIbHBIN
BEC.

Komrmo3utsr 1. Couetanue Bbicokol mpouno- | 1. CnoxxHast nepepaboTka

CTHU U BSI3KOCTH Pa3pyLICHHS
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* B naHHOM cily4ae Mbl IMEEM BBUY TPOUHOCTH 0e3/1e(heKTHBIX 00pa3IoB.
[Ipo94HOCTH peanbHBIX TET YACTO OMPEACIIAETCS HATUYNUEM MTOBEPXHOCTHBIX MITH
BHYTPEHHUX JA€(PEKTOB.

MOXHO BBIJICTUTh YETHIPE OCHOBHBIX THUIA KOHCTPYKIIMOHHBIX MaTEPHUAJIOB,
KOTOpbIE CO3/aja MPUPOIa U YEJIOBEK: METaJUIbl, OPraHUYECKHUE MOJTUMEPHI, HEOP-
raHU4YeCKre MaTepuaibl (MUHEpaJbl, KEpaMHKa, CTEKJIO U TIp.) U KOMIO3UTHL. C
TOYKHU 3PEHUSI UX TPUMEHEHHUS KaXKJbIi U3 HUX UMEET CBOM JIOCTOMHCTBA U HEJNIO-
cratku (cMm. Tabiuny 1). Takue mpenctaBieHUs, KOHEYHO, JOCTATOYHO YCJIOBHHBI,
HO TIOJIC3HBL.

[Tpu pa3zpaboTKe HOBBIX KOHCTPYKIIMOHHBIX MaTePHUAJIOB BCET 1A MPUXOTUT-
Csl UCKATh KOMIIPOMHUCC MEXKAY TPEMsI TPyIIaMH CBOMCTB, KaK 3TO TTOKa3aHO Ha
puc.l.

R MO TERaFE

MIERAGEMIOUNICTIS,
HHEEMHICME,
o APTUHOL TG

MAELHarPZy Yot g

Puc. 1. Illouck komnpomucca «no Kpwvinosgyy.

IlepepadoTka

[Tomyyenune maTtepuana u ero nepepaboTka B U3IETUE — ITO, MOXKAIYH, TO,
IJIe YeJIOBEK HAMHOTO OMEPEeaus MPUpoay Mo 3HPEeKTUBHOCTH, CKOPOCTH TPOIIEC-
COB.

Ilpupooa nuxkorga Hukyaa He cnemmia!l Bee «u3aenusy nenana MEIJIEHHO
U cpa3zy, rpy0o roBopsi, B OJHY CTaJuI0, MOJdy4as u3jenue 0e3 npeaBapuTeaIbHOro
nonyyeHus nonydadbpukara — matepuaia. Bropuunas nepepaborka Toxe MeIJICH-
Hasl, yepe3 MOJHOE Pa3I0KeHUE U3JieNns OUOIOTUYECKUMU CIIOCO0aMHU.
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Y uenosexa ropazno meHblie BpeMeHH, OH JOJKEH ObUT MHOIO€ YCHETh 3a
CBOIO KOPOTKYIO *HU3Hb. CHayaia OH nNpocTo Opas roTOBbIE, CACIAHHbIE TPUPOJOU
MaTepHualibl — JIOMaJ Cy4bsl Y I€PEBbEB, JeNasi HAlpUMEpP KOIbe WIH JyK, 00pada-
THIBaJl KAMHH U JIEPEBO, /1a M Ceiiuac MCIOIb3yeT MPUPOIHBIC MaTEPHUAIIbI, TIPUM €-
Hsis 00JIee U30IIPEHHBIE METObI TEPEPaAOOTKHU.

3arem Hayuwmics paboTaTh ¢ METAJJIaMU — BBIIUIABIISITH, JIUTh 3arOTOBKU U
ux oOpabaTkIBaTh, KOBaTh, oOTauuBaTh. [lapamiensHo OH Hayuwiics paboTaTh C
TJIMHOM, J1eJ1aTh KepaMUYECKUE U3JIETUSl UX O0KUTaTh.

C monmMepaMu TIPUILIA HOBBIC Ype3BBIYAiiHO 3()PEKTUBHBIC, C MaJIbLIMU
DHEPreTHYECKUMU 3aTpaTaMu CIIOCOOBI TIepepaboOTKN — JIUTHE, SKCTPY3HS, XHUMH-
yeckoe (OopMOBaHUE U M., UTO, HAPANY C yIAayHBIM COYETaHHEM (PU3UKO-MeXa-
HUYECKUX CBOMCTB, CIOCOOCTBOBAJIO MIMPOKOMY MX paclpocTpaHeHuio. B HacTo-
d1ee BpeMsi 00beMbl TPOU3BOJICTBA MOJMMEPOB YK€ U MO BECY JOTHAIU 00BbEMBbI
IPOM3BOJICTBA METAJIIIOB, HECMOTPS Ha OOJIBIIYIO PA3HUILY B YACJIBHOM Bece.

Temneparypy nepepaboTku (IjIaBka, JUThE, SKCTPY3Us U Tp.) ONpenesseT
UX TEIUIOCTOMKOCTh, 2 MMEHHO TeMIieparypa IuiaBieHus T, Wid Temmeparypa
crexinoBanust T¢; (pasmsirdenwusi). yiss OONBIIMHCTBA BEUIECTB 3TH TEMIEPATYPHI
cBs3aHbl cooTHoteHueM T = (0,5+0,7) Tyy.

JIJIs TUTaBIIGHUST TPEXMEPHBIX U JBYMEPHBIX MOJMMEPOB, MPEACTABIISIONINX
co00i eIMHbIE MAaKPOMOJICKYJIbI, OYEBUIHO, HEOOXOUMBI Pa3phIBbl XUMUYECKUX
CBsI3€ll M Temreparypa IJIaBjIeHus! MPOIOPIIMOHATbLHA YHEPTUHU CBA3U (pucC.2)
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Puc.2. 3asucumocms memnepamypul niasieHnust 0OHOIIEMEHMHbIX Geujecms (a) u noiu-
oKCU008 (6) om 3HepauU XUMULECKOU CBA3U.

B To Bpems Kak IUIaBJI€HHE JIMHEHHBIX MOJIUMEPOB CBS3aHO TOJIBKO C pas3-
PYLICHUEM U MEPECTPOMKON CYHIECTBEHHO MEHEE SHEPrOEMKHX MEKMOJIEKYJIAP-
HBIX (PU3NUECKUX B3aMMOJACHCTBUM.

Kak BUIHO NaBieHHE JTMHEWMHBIX MOJIUMEPOB, TAKUX KaK cepa, CEJeH, Tel-
JAyp MPOUCXOJUT MPU 3HAYUTEIBHO MEHBIIMX TEMIEpATypax WU MPAKTUYECKU HE
3aBUCUT OT YHEPTHUU CBS3H.

Temneparypa naBiICHUS JTUHEWHBIX TOJIUMEPOB ONPEAECIACTCA YHEPruei
MEKMOJICKYJISIPHBIX B3aUMOJECUCTBUHN U )KECTKOCTHIO MAKPOMOJICKYJIAPHOM LIETIH.

Takum oOpa3zom, MEHSS MEKMOJEKYISIPHBIE B3aUMOJECHCTBUS U JKECTKOCTD
L[ETIH, MBIl MOKEM JIOCTUYb PA3JIUYHOU TEMIOCTOMKOCTH JUHENHOIO IOJIMMeEpa, KO-
TOpasi CBEPXY OrpaHUYCHA NPOYHOCTHI0 XUMHUECKHUX CBA3EH BIOJIb LECIIH.

B Toke Bpemsi TepMOCTOMKOCTH (TeMIlepaTypa Hadajla pa3joKeHHs) oIpe-
JEJIAE€TCS, BO-IIEPBBIX, YJHEPTUSMH CBS3HU, 4, BO-BTOPBIX, CKIOHHOCTBIO K OKHCIIE-
HUIO (MaTepuaibl OOBIYHO PadOTAIOT HA BO3/IYXE M UX PA3JI0KEHUE MOKET HayH-
HATbCS C PeaklMK ¢ KUCIOPOoI0oM Bo3nyxa). Heopranmueckue okcuabl C 3TON TOY-
KM 3PEHUS MPEANOYTUTENBHBI, OHU HE OKUCIISIFOTCS, HE TOPSAT, 1a U DHEPTUU CBA3H
y HUX BBIIIE, YEM Y OJHODJIEMEHTHBIX BEHIECTB U OOJBUIMHCTBA OPraHUYECKUX
MOJIUMEPOB (CM. TabnuiLy 2).

3aMeThM, YTO OPraHWYECKHE MOJUMEPHI IUIOXH €HI€ U TEM, YTO OKHCh U
JIBYOKHCH YIJIepoja — Ta3bl, B TO BpeMsl KaK OKHCIbI OOJBIIMHCTBA APYTHUX 3Jie-
MEHTOB — TBEpJIbIe Te€Ja NMPU HOPMAJIbHBIX YCJIOBHUSX (MCKIIOUEHHUE elle cepa u
asor).
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Tabnuya 2. Duepauu XUMUYECKUX C853€ll.

I'omoaToOMHBIE I'eTepoaToMHBIE
CBs3p OHeprus CBs3H CBs3b DHeprus CBi3H
KIDK/MOJIB KIDK/MOJIb
(KKaJI/MOJIb) (KKaJ1/MOJIb)
C-C 336 (80,0) (83) B-O 499 (119,3) (115,7)*
S-S 264 (63,0) B-N 436 (104,3) (115)*
P-P 222 (53,0) C-B 420 (100)
Se-Se 210 (50,0) Si1-O 373 (89,3) (106,5)*
Te-Te 205 (49,0) P-O 343 (81,7) (97,2)*
Si-Si 189 (45,0) C-0 331 (79,0)
Sb-Sb 176 (42,0) C-N 277 (66,0)
Ge-Ge 163 (39,2) As-O 270 (64,5)
As-As 163 (39,0) Al-C 258 (61,6)
N-N 155 (37,0) C-S 258 (61,5)
0-0 142 (34,0) Si-S 256 (60,9)
C-Si 241 (57,6)
C-As 229 (54,6)
N-O 155 (37,0)
C-H (81)
C-F (120)
Al-O (150)

* IMPUBCACHBI JaHHBIC U3 PA3JIMYHBIX HCTOYHHKOB

HemaBro MBI Hawamu paObOTHI B 3TOW 00JacTH M MPUBEIAEM HECKOIBKO MPH-
MepoB. Bo-1miepBbIx, OBLT MIPOBEACH UK MCCiIea0BaHu 110 GhochaTHBIM CTEKIIaM

(puc.3).
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Puc.3. Cmpyxmypa gpocpammvix cmexon, Me™ - K, Li, Na; Me2* - Mg, Ba, Ca, Zn.

B 3aBucumMoct OT mpupoAbl U KOHUECHTPALUHA OKCHUJIOB METAIUIOB B TaKOM
CTEKJIE MOKHO B OYEHb IIMPOKUX IpEesiaXx BapbUPOBATh TEMIIEPATYPY CTEKIIOBA-
HUS U, CJIEJIOBATENIbHO, TEMIIEpATypy MepepadoTKU Takoro marepuaina. B yactHo-
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CTH, ObUIM MOJYYEHBbl TUIPOIUTHYECKH CPABHUTENIBHO CTOMKHE, TEPMOCTOMKHE
(Hayana motepu Beca Boitre 600°C), MaTepHabl ¢ TEMIIEPATYPOM CTCKIIOBAHHS OT
125°C o 1000°C u Bbime. Takwe MaTepuanbl MOTYT MepepadaThiBaThCS CTaH-
JApTHBIMU METOJIaMH MepepabOTKU OPraHMYECKUX MOJIUMEPOB (JIMThE, SKCTPY3HUS
U T.J.) caMU 0 ce0e WK B CMECH ¢ OPTaHUYECKUMHU MOJTUMEpPaMH, Jiefias UX MEHee
TFOPIOYMMH a TAKXKe U3MEHss Apyrue cBoicTsa. Hampumep, )KeCTKOCTh TaKOM CMe-
CH MOBBIIIAETCS, U3HOC MPU TPEHUU CHUXKAETCS MO CPABHEHUIO C UCXOAHBIM Opra-
HU4ecKuM nosmMepoMm. KpoMe Toro, BogocToiikocTs noiaudocharoB Takke 3aBU-
CUT OT IPUPOJBI U COOTHOIIEHHUS PA3IMYHBIX HOHOB METAJIJIOB B HUX. {7151 Kaxk10-
ro KOHKPETHOTO0 MPUMEHEHUs CleyeT MCKaTh KOMIPOMHUCC, YUUTHIBAS, YTO BO3-
MOKHOCTbH TOCTENEHHOI'0 PA3JI0KEHUsI BO BIAXKHOM Cpejie MOXKET OKa3aThCs MO-
JI€3HBIM CBOMCTBOM C SKOJIOTUYECKON TOUKHU 3pEHHUS, HAIPUMED ISl YIAKOBOYHBIX
MaTepHaJIOB.

Oxcun 60opa Mbl MCMOIB30BAIM KaK OCHOBY JUIsl APYrOro THIAa HEOPTraHO-
OpraHMYeCcKUX MaTepuasioB pH OOJbIIOM coaepxkaHuu (>70%) HeOpraHMueCcKoro
MOJIMOKCUIA C LENIbI0 COXPAHEHUs MPEUMYIIECTB HEOPTaHUKU U NMPUAAHUS €il Tu1a-
ctuaHOoCcTU. KoMmmbroTepHas MoJieinb MakKpOMOJIEKYJIbl OKcua 0opa, coepxKaliero
OOBIMHOE KOJIMYECTBO BOAOPOA (TUIPOKCUIILHBIX TPYII), TOKa3aHa Ha puc.4.

Puc.4. Buo maxpomonexynvl oxcuda 6opa cooxy (a) u ceepxy (6).
Oxkcupa 60pa MMeeT CpaBHUTEIHLHO HU3KYIO (I HEOPTaHUYECKHUX TOJIUMe-
POB) TeMmepaTypy CTEKJIOBaHHUS, KOTOpas MOXXET OBbITh KaK yMEHBIIICHA, TaK U
yBeaudeHa MoauduKanuet pa3IiuyHbIMA OPraHUIECKUMHU U HEOPTaHUYECKUMU CO-
€JIMHCHUSMH, B TOM YMCJIC TToIMMepaMu (puc.S).

700 - A B203-CaC

600 4 B203-5r0

o 4 B203-Ba0

. #B203-Li20

Tg

0 4 S B203-Na20

#B203-E20
200 A

$EB203-Eb20

¢ B203-Cs20

i 5 10 15 20 25 a0 35 | mB203-
BMOJEH. U Kanponawram

Puc.5. 3asucumocmv memnepamypuvl cmexnoganus oxkcuoa 6opa om KOHYEHmMpayuu Mo-
oughuxamopa (0Kcuobl 0OHO U 08YXBATICHMHBIX MEMANN08 U KANPOJLAKMAMA).
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IIpoYHOCTH U XPYIIKOCTH

OcrtaHoBUMCS TeNEpPh HA COYETAHUU MPOYHOCTH U TUIACTUYHOCTH (BSI3KOCTH
paspyleHus).

J{ns1 opraHUyYeCcKUX MOJUMEPOB XaPAKTEPHO COUYETAHUE BHICOKOM MPOYHOCTH
C BBICOKOM yAapHOM IPOYHOCTHIO, TPEUIMHOCTOMKOCTBIO. Takoe ke coyeTaHue
CBOWMCTBEHHO METAJIJIaM, XOTS MPHUPOJAa BBICOKOW IUIACTUYHOCTH B METAIIaX M
TEepMoILIacTax pa3iauuHa. Eciiu B mepBoM ciyyae oHa ompenaesnsercs cBOOOIoM
JBIDKCHUM TUCIOKaUi (KM3-3a HEHANPaBJICHHOW XUMHUYECKOW CBSA3M), TO BO BTO-
POM 3TO BO3MOXXHOCTh OPUEHTAIIMOHHOTO YIPOYHEHMs] MaTtepuaia mpu OOJbIINUX
nedopManmsix B yCThE TPEIIMHBI 32 CUET Pa3BOPAUYMBAHUS MAKPOMOJICKYISIPHBIX
KJIyOKOB; TOTJIONMIEHUE W JUCCUMALUS MEXaHUYECKONW HHEPruu B TEIJIOBYIO MPHU
ATOM MOXKET 00ecCIeunBaThCsl KperzooOpasoBanueM (TpemiuHbl cepedpa). Kpome
TOTO, 00pa3oBaHue CreUPUUECKUX TPEIIUH, KPEH30B, B KOTOPBIX Kpasi COeIUHeE-
Hbl BOJIOKHAMH MojuMepa (Tsokamu) (puc.6), MO3BOJIIET TEPMOIUIACTY PaCTSATHU-
BaThCs B OJJHOM HaIlpaBJICHUH 0€3 CXaTus B APYTUX, HE Tepsis HECYIIeh Crocoo-
HOCTU (IIPOYHOCTH). DTO OOsIeTyaeT ero padoTy B CIOKHO-HANPSKEHHOM COCTOSI-
HUU B Ka4€CTBE MATPHULIbl B KOMIIO3UTaxX U Mp. BO3MOXKXHOCTH OpUEHTAIMU U Je-
dbopMaIMOHHOTO YIIPOYHEHUS, a TAaKKe KPe3000pa3oBaHUsl CHIKAIOTCS 10 MEpe
CUIMBAaHUS JIMHEMHOro nojuMepa (1o Mepe yBEIUUYEHUSI TYCTOTbI CETKH) U Teps-
IOTCSI TTOJTHOCTBIO ISl TPEXMEPHBIX NOJIMMEPOB TUIIA MUHEPAJIOB, KEPAMUK U CTe-
KOJI, XOTS B TIOCJIETHEM CIIy4ae MOXKHO HAJIESIThCS MOIYYUTh CTPYKTYPY, OIH3KYIO
K JTUHEHHOW min cnabo pa3BeTBieHHOW. C Apyroil CTOPOHBI, YUEM BBIIIE MOJIEKY-
JSIpHBIA BeC JIMHEMHOro mojimMepa, TeM 3(dekTuBHEe mpolecc Kpeizoodpa3oBa-
HUsl U BBIIIE BSI3KOCTh pa3pyLICHUs, MEHBIIIE XPYIKOCTh MaTepuaia. [loatomy u B
HEOPraHWYECKUX MOJMMEPAX MBI JOJDKHBI CTPEMUTHCS CUHTE3UPOBATh BBICOKOMO-
JIEKYJIAPHBIE COEAMHEHUS ITPEUMYIIIECTBEHHO JJUHEMHOTO CTPOCHMUS.

OTU CBOMCTBA TEPMOIUIACTOB OMPEAEISIOT MOBBIIMICHHYIO YIApHYIO MPOY-
HOCTb KOMIIO3UTOB Ha MX OCHOBE, CTOMKOCTb K PAacCHpOCTPAHEHUIO TPEUIMH KaK
NP CTAaTUYECKUX, TaK W MPHU LHUKIAYECKHX YCTAIOCTHBIX W JWHAMUYECKUX
Harpy3Kax, MOBBIIICHHBIE TOCTYAAPHBIE XapAKTEPUCTUKU U MPOYHE.
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Tenepb 0 HEOpPraHMYECKHX IMOJIUMEPAX, CPEAU KOTOPBIX OCOOBI MHTEpec
MPECTABISIIOT HEOPTaHMYECKHUE TOJMOKCH]IBI, B CBSI3U C BBHICOKOW JHEPrued Xu-
MUYECKUX CBS3€H, HErOPIOYECThIO U CTOMKOCTBIO B OKUCIIMTEILHOM CpeJie.

KoMmieke cBOMCTB 3TUX MOJIUMEPOB: BBICOKAs TEPMHUUYECKAs] U pagualuoH-
Hasl yCTOMYMBOCTh, HETOPIOYECTh, BHICOKME MEXaHUYECKUE XapaKTEPUCTHKHU I03-
BOJIAT UCIIOJIb30BAaTh UX B U3ACIHAX, pAOOTAIOMINUX B SKCTPEMAIBHBIX YCIOBUAX, a
ChIpbEBast JOCTYMHOCTh, OTCYTCTBHUE JIETYYMX B IPOLIECCE AECTPYKLIHUU U BO3MO K-
HOCTB TEpPEpadOTKH MPH CPaBHUTEIHLHO HU3KUX TEMIIEpaTypa, XapaKTepPHBIX IS
nepepaboTKH OOBIYHBIX OPraHMYECKUX MOJIUMEPOB, AENAIOT 3TOT KJIAaCC HEOpraHu-
YECKUX MOJUMEPOB UPE3BbIYANHO NMEPCIIEKTUBHBIM KJIACCOM MaTE€pPUAIOB.

Opnoii U3 Hanboree BaXKHBIX 3a7a4 OCTAETCS MPHUAAHUE UM IJIACTUYHOCTH,
peleHrne KOTOPOil MOXKET OTKPBITh IyTh K CO3/IaHUIO TIIACTHYHOW KEPAMHUKH MHO-
rO3JIEMEHTHBIX MOJIMOKCH]IOB.

Heoprannueckue MOIMOKCHIIBI MOTYT SIBISTHCS albTEPHATHBOW OpraHHYe-
CKUM TOJIMMEpaM, Ha KOTOPBIX YK€, B OCHOBHOM, JOCTUTHYTHI TPEACIIbHBIC JKC-
TUTyaTallMOHHBIE XapaKTEPUCTHK W KOTOPBIC MPUHIIUIHAIBEHO HE MOTYT 00JIaJaTh
TaKUM KOMILIEKCOM M YPOBHEM CBOMCTB.

Kax mbl Buzienu Bblllle Ha nmpuMepe okcuaoB (ochopa u 60pa, MOKHO pery-
JMPOBATh TEMIEPATYPY HX TEpepabOTKU B IIUPOKOM JIHAINA30HE, MOAUPHUIHPYSI
UX OKHCIIAMHU Pa3IUYHBIX METAIJIOB, OPTAaHMYECKUMHU M HEOPTAHUUYECKUMHU COEIH-
HeHusIMU. Hike cyMMHpOBaHBI pa3iudHble CIOCOOBI MOAMGUKAIMHU, KaK YxkKe
IPOBEPEHHBIE SKCIIEPUMEHTAIIBHO, TaK U IEPCIIEKTUBHBIE.

[lepcieKTUBBI MOJTyYEHUs HEOPTaHMYECKUX MOJMMEPOB IMOBBIINICHHON Tia-
CTUYHOCTH:

1. JluneitHbie HEOPraHUYECKUE TTOTUMEDPHI.

2. [TnacTudukammss HUI3BKOMOJICKYJISIPHBIMU HEOPTaHUYECKUMU COSTMHECHU-
SMH.

3. Moaudukanus HUI3KOMOJIEKYJISIPHBIMU OPTraHUYECKUMHU COCTUHEHUSMH.

4. CmecH C HEOPTraHUYECKUMHU KaydyyKamHu.

5. Cmecu ¢ OpraHuYeCKUMHU TOTUMEPAMH.

6. KoMImo3uTb1, HAHOKOMITO3UTHI ¢ BOJIOKHUCTHIMU U TIJIACTUYHBIMU HAIOJ-
HUTEIISIMH.

Crout 00paTuTh BHUMAaHUE Ha MOJIU(UKAIINIO HEOPTAHUYECKUX TTOJUMEPOB
JUHEHHBIMA OpPTraHUYECKUMHU (I1.5), TOCKOJBKY TaKuM 00pa3oM (XOTS W 3HAYH-
TEJIBHO CJIO’KHEE) YCTPOEHBI KOCTH, 3yObl, PaKylIKU W APYrue MPUPOJIHBIE KOH-
CTPYKLHH.

Jlaske Tpu CPaBHUTENBHO HMU3KOM MIACTMYHOCTU 3TH MOJIU(MUIMPOBAHHBIC
HOJMOKCH/IBI, KaK 0Ka3aJloCh, MOTYT OBITh HCIOJIb30BaHbl KaK HETOPIOYHE CBS3Y-
OLIME U1 KOMIIO3UIIMOHHBIX MaTepUajoB, HAPUMED YIJICTIIACTUKOB (CM. HIKE),
3aMEHAONIME OObIYHBIE OPraHUYECKHUE CBS3YIOIINE - SMOKCHJIHBIE, MONUI(UPHBIC
1 1ap. C TOUKH 3peHUs MOJYyYCHUS BBICOKOKAYECTBEHHBIX KOMIIO3UTOB BaXKHO, YTO
OHU JIEMOHCTPUPYIOT MPEKPACHYIO aAre3ui0 K HANOJHUTENSAM (J1aXke BBINIE, YeM
SMOKCHUIHBIC CBSA3YIOIINE).
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KOMHO3I/IIII/IOHHI)IC MaTcpuajabl

B OonpmimHCTBE TOMOTE€HHBIX MAaTEPHAIOB, TAKUX KaK METaJUIbl, KEpaMUKa,
CTEKJIO, MOJIUMEPHI HAOIIOAETCd aHTArOHU3M MEXKIY TEIIOCTOMKOCTHIO U MPOU-
HOCTBIO C OJIHOM CTOPOHBI M IUIACTUYHOCTHIO ¢ apyroi. Hampumep, uem Oosee
MPOYHBIN METaJIJI MbI CO37]a€M, TEM OH CTAaHOBHUTCS 00Jiee XPYIKHUM, B HEM JIETKO
pacnpoCTPaHSIIOTCS TPEIIUHBI.

[Ipupona Hamnuia xopomuii cnocod 4acTUYHO PEIIUTh 3TO MPOTHUBOpPEUUE —
CO3/1aTh KOMIIO3UIIMOHHBIE MaTepHaibl, MPECTaBIAIONINEe CO00M KOMOMHAIUU
JIBYX WM HECKOJIbKUX BEIECTB, HAMPUMEP BOJIOKHA COCIMHEHHBIC (CKJICEHHBIC)
JPYT C APYrOM B MPOUYHYIO MOHOJIUTHYIO CTPYKTYpPY — CTEOJIM JIEPEBHEB U pacTe-
HUM, MBIIILBI U T.].

Takolt matepuan (Hampumep, NMPUPOAHAS JIPEBECHHA WU HCKYCCTBEHHBIM
CTEKJIOIJIACTUK — CTEKJISTHHBIE BOJIOKHA C MOJUA(PUPHBIM WA SMOKCUIHBIM CBSI-
3YIOIIUM — KJI€EM) MOXKET OBITh ClI€JIaH U3 JBYX OUY€Hb XPYMKHUX MaTepuajioB, HO
Py UX KOMOWHAIIUU CTAHOBUTCS COBCEM HEOBIONIUMCS, HEXPYIKHUM, MOCKOJIBKY
TpeIllMHA OCTaHABIIMBAETCS HAa IPpaHMIle pa3zena a3 Wid MOBOpaYuBaeT B Heomac-
HOM HampaBJICHUHU.

Crnenyer OTMETUTh, YTO B >KMBOM MPUPOJAE MPAKTUYECKHM HET TOMOTECHHBIX
MaTepHuasoB, BE3/Ie T¢ WM UHbIE KOMIIO3UIIMOHHBIE MaTEepUaibl, O YeM OyIeT CKa-
3aHO HMXKE.

Hctopusi BO3HUKHOBEHHSI MCKYCCTBEHHBIX KOMIIO3UIMOHHBIX MaTepUaIoB
BOCXOJIUT K MCTOKaM IIMBWJIM3AlMH, KOTJa YEJIOBEK Hayaj CO3HATEIbHO KOHCTPY-
UpOBaTh HOBbIEe Marepuaibl. [lepBrie ynoMuHaHUS 00 apMHUPOBAHHBIX CTPOUTEb-
HBIX Marepuajax MOXHO Haitu B bubmuu. B Erunre m Meconmotamuu cTpowsiu
peUHbIe CyAa M3 TPOCTHHKA, MPOMMUTAHHOTO OUTYMOM (TIPOTOTHI COBPEMEHHBIX
CTEKJIOIUIACTUKOBBIX JIOJIOK W TpajbIMKOB). M3rorosnenne mymuii B Erunte
MOKHO CUHUTATh MEPBBIM MPUMEPOM HUCIIOIB30BAHUS METOJA JEHTOYHON HAMOTKH
(MyMHH 0OMaTBHIBAJIMCh JICHTOM U3 TKaHH, MIPONMMTAaHHON cMOJI0i1). Bee aTo mpowc-
XOJIAJIO 32 THICSYEIETHUS 10 HOBOM 3PHI.

CnoBoM, UCTOpHS MOJUMEPHBIX KOMIIO3UTOB Ype3BbIYAaHO cTapa. OaHaKo
HACTOSIINUNA OYM B COBPEMEHHOM MaTEPHAIOBEICHUN BO3HUK B KOHIIEC TIEPBOM TO-
JOBUHBI XX BEKa, KOIAa MOABUIIUCH XOPOILIUE MPOYHBIE U JIETKUE CTEKISTHHBIE BO-
JIOKHA U CTEKJIOIUIACTUKY M W3 HUX Hayallkd JeJaTh IUIAHEPBI, a 3aTEM U MHOI0€
IpYroe.

[ToToM ObUTH CO37@HBI YTIIEPOAHBIC, OOpPHBIC, KapOUTOKPEMHUEBEIE, OpTa-
HUYECKHUE TOJIMMEPHBIE W JIp. BOJOKHA U IMMPOKUN HAOOp pa3sHOOOpa3HBIX Opra-
HUYECKUX TOJMMEPHBIX CBA3YIONIMX M pa3paO0TaHbl KOMIO3UTHI JJISI MHOTOYHC-
JIEHHBIX MPUMEHECHUM.

CoBpeMeHHasi aBUAllUS, PAKETHO-KOCMHUYECKAsl TEXHHUKA, CYJIOCTPOCHHUE,
MaIllMHOCTPOCHUE HEMBICIUMBI 0€3 MOJUMEPHBIX KOMIIO3UTOB (apMUPOBAHHBIX
MJIACTUKOB). Yem Oosbllle pa3BUBAIOTCA ATH OTPACIM TEXHUKHU, TEM OOJbIIE B HUX
WCMOJIB3YIOT KOMIIO3UTBI, TEM BBIIIE CTAHOBUTCS KA4ECTBO ATUX MATEPHUAJIOB.
MHorue u3 HUX Jierde U NpovyHee JyYlINX METATMYECKUX (aTIOMUHUEBBIX U TH-
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TAHOBBIX) CIUIABOB, M UX MPUMEHEHHE MO3BOJIIET CHU3UTh BEC U3/eNnd (CaMoJeTa,
pakeThl, KOCMUYECKOTr0 KOpabJisi) U, COOTBETCTBEHHO, COKPATUTh PacXo]l TOILUIUBA.
B pesynbTate ceifuac B CKOpOCTHOM aBHUAIIMU MCTOJB3YIOT OT 7 10 25% (10 Becy)
MOJINMEPHBIX KOMITO3UTOB M CHUKAIOT BEC U3JEIUs TakuM oOpa3om oT 5 10 30%.
BaxxHo U TO, 4TO B OTXO/bI IIPH U3TOTOBJIEHUH JI€Tae U3 MOJIMMEPHBIX KOMIIO3H-
ToB ujeT He Oosiee 10+30% Marepuana, B TO BpeMsl KaK y aHaJIOTMYHBIX JeTajaei
U3 BBICOKOTPOYHBIX CIUIABOB aJTIOMUHHUS U TUTaHA, IPUMEHSAEMbIX B aBUAIUH, OT-
X0Ibl MOTYT B 4+12 pa3 mpebimaTe Maccy usaenus. OnbIT NPUMEHEHUS TOJIH-
MEPHBIX KOMIIO3UTOB MOKa3aJl, YTO MAKCUMAaJIbHOT'O BBIMTPHIIIA OT UX PUMEHEHHUS
MOKHO JTOOUTKCS, JIUIIb TBOPYECKHU MOAXOAS K MPOEKTUPOBAHUIO CaMoOJIeTa WM
Ip. U3ACNINS, YUYUTbIBasi OCOOEHHOCTH CBONCTB apMUPOBAHHBIX IJIACTHKOB U TEX-
HOJIOTUU WX U3TOTOBJICHUS.

[Ipocroyi mpumep. MeTamun — U30TPOIHBIN MaTepuall, CBOMCTBA €ro OJUHA-
KOBbI BO BCEX HANpaBJICHUAX, APMUPOBAHHBIN IJIACTUK — aHU30TPOINHBINA: HAMPHU-
Mep, MMPOYHOCTh €T0 BJI0JIb BOJOKOH HAMHOIO OoJible yeM nonepek. He ans Bes-
KOTO M3/eNiisg He0OXOuM HM30TPOMHBIA MaTepuai. Tak, B IPOCTON IMIMHAPUYE-
CKOM TpyOe npu BHYTPEHHEM JAaBJICHUH HAIPSKEHUS BIOJIb U MOMEPEK TPYObl OT-
JTUYAI0TCs TPUOIU3UTENBHO B 2 pa3a. [loaTomy BIrojiHee MO pagnycy pa3MeCTUTh
00JIbIIIe BOJIOKOH (TaMm 0OJIbIIe HAPSDKEHHE), YeM BIOJIb TPYObl. Takas KOHCTPYK-
U1 HA3bIBAETCS PABHOMPOYHOM U MO3BOJISIET SKOHOMHUTH MaTepual.

Kpome Toro, mpu U3roToBICHUM ACTAIEH U3 MOJUMEPHBIX KOMIIO3UTOB Tpe-
OyIOTCS MEHbILINE TPYIOBBIE U SHEPreTUUYECKHE 3aTpaThl, YMEHBIIAETCS KOJIUYe-
CTBO IPOU3BOJCTBEHHBIX IIUKJIOB, MO)KHO BMECTO OOJIBIIOIO KOJMYECTBA MEIKUX
AeTajeil 1 MOCIeNyIOIIEero UX COeIMHEHUsT OOATaMM MM CBAapKOW clenaTh cpasy
OJIHY OOJIBIIIYIO.

B 53T10i1 00nacTu 4enoBeueCTBO ONEpPEANSIO MPUPOY, KaK MO aOCOIIOTHBIM
3HAYEHUSAM MPOYHOCTU TAKMX MAaTE€pUalOB, TaK U IO MPOU3BOAUTEIBHOCTH METO-
JI0B MOJIy4eHMsI U IepepabOTKu uX B uzaenus. [Ipuuem Haunyuiime pe3ynbTathl, B
OCOOEHHOCTH, MO YAEIbHOM HMPOYHOCTH (AOCOIIOTHAsE MPOYHOCTH, JCJICHHAs Ha
yACIBHBIA BEC) CETOJHS MOJYUYEeHBl HA YHUCTO MOJUMEPHOM (OpPraHUYE€CKOM) KOM-
NO3ULMOHHOM MaTepHalie — NOJMMEPHBIE BOJIOKHA, CKIIEEHHBIE ITOJMMEPHBIM CBSI-
3YIOLLEM.

B xayecTBe CBA3YIOIUX JUIsl KOMIIO3UTOB MOTYT MCIIOJIb30BaThCS HE TOJIBKO
OpraHUYECKHUE MOJIUMEPBI, HO METAJIJIBI U KEpaMUKa. JTO MO3BOJIIET 3HAUUTEIBHO
HOBBICUTH paboune TeMIepaTypbl, HO BCTPEYAaET MHOTO TEXHOJOTUYECKUX MpO-
O5eM mpU MOJIyYeHWU MaTepuana U W3TOTOBICHUM W3AETUM, YTO U OMpPEICIseT
CYLIECTBEHHO MEHBIIIEE PACHPOCTPAHEHUE METANIO- M KEPaMOKOMIIO3UTOB IO
CPABHEHUIO C aPMUPOBAHHBIMU IIACTUKAMH.

HyXHO OTMETHTb, YTO BBICOKOIPOYHBIE TEIJIOCTOMKHE METAIIMYECKUE
CIUIaBBI, HA CAMOM JIEJIe, TAK)KE UMEIOT CTPYKTYPY KOMIO3ULIMOHHOIO MaTepuana,
B KOTOPOM €CTh apMUPYIOIIUN METAIIMYECKUHA KOMIIOHEHT U METAITINYECKOE CBSI-
3yIolIee.

HNHTepecHbIM NMPUMEPOM KOMIIO3ULMOHHBIX MAaTEpUaJOB SBISIOTCA CIOU-
CThI€ KOMIIO3UTHI, IIMPOKO PaclpOCTPAHEHHbIE B XKUBOH npupoje. Tak yCcTpoeHsl,
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Hanpumep, pakymku. Pakymka cocrout Ha 90-95% u3 KpucTalMKoOB KapOoHaTa
KaJIbIIUS, CKJIEEHHBIX HEOOJBIIMM KOJWYECTBOM OPraHUYEecKoro noiumepa (0en-
ka). [IpouyHOCTh Ha pa3phIB PAKYIIKM MOJUIIOCKA a0ajoOHE JIEKUT B IMAINa30HE OT
100 no 300MIla, a BI3KOCTh pa3pylIeHUs BapbUpPYyeTCs a MHTEpBaje OT 3 10 7
MIIa-m0,5. [l MOHONMTHOTO ke KapOoHaTa Kajablius (OCHOBHOTO KOMIIOHEHTA
ykazaHHbix CK) stu Benmuunsl paBHbl 30MIla u <1 MIla.m0,5 cooTBEeTCTBEHHO
(K.S. Vecchio, Synthetic Multifunctional Metallic-Intermetallic Laminate Compo-
sites, JOM, 2005 March, pp. 25-31). AHanoru4yHbIM 00pa3oM YCTPOEHBI MaHLBIPH
yepernaxu, JIoOcTepa, paKoB, KOCTH, 3yObl MIIEKOMUTAIOIIUX U TIP.

P

K.S.Vecchio, JOM, 2005 March, p. 25

a 2 um
(a) An SEM micrograph of the fracture
surface of an abalone shell showing the
individual hexagonal aragonite tiles
comprising the microstructure. (b) An
optical micrograph of the mesoscals
laminate structure of the abalone shell in a
bend fracture sample showing the crack
deflection achieved in this multi-layered

Puc. 7. Muxpopomoepaghuu paxywxu abanone u nogepxnocmu ee paspyuleHusl.

Juccunanusi SHEpruu IMpU HATPpYyKEHUU M paspylieHuu npupoansix CK
o0yCIIOBJIEHA CIENYIONUMU (HaKTOpaMu U MEXaHU3MaMU:

1. Obpa3zoBaHre MHOXKECTBA HOBBIX TIOBEPXHOCTEHM B MECTaX pasiioMa XpyT-
KUX HEOPTaHWYECKUX IJIACTHH, PA3MHOKEHUE MUKPOTPEILINH;

2. I3MeHeHHe HampaBiEHUs Pa3BUTHS IJIaBHBIX TPEIIMH IMPU MEPECEUCHUN
IrPaHULIbI KOHTAKTa XPYNKHUX CJIIOEB C MATKOW HEMPOUYHOU MPOCIOUKOM;

3. CaBuUroBoe nepeMeIieHre XpYymnKoro ciosi U OTPbIB €ro OT OPraHUYECKOM
IJICHKW; 00pa30oBaHUE B 3THX MECTaX MHUKPOIIEPOXOBATOCTEH, YBETUUMBAIOIINX
TPEHUE;

4. ®opMHUpOBAHHUE B CIOSIX OPTaHUKU BOJIOKHHUCTBIX CTPYKTYp, CIIOCOOCTBY-
IOIUX YIIPYTOMY U BSI3KO-3JIACTHYHOMY MPpOoTUBOAeHcTBHIO Aedopmanmn CK;

5. OOpBIB TpeIIMH, BCTPEYAIOMIUXCSA CO CJIOEM OPTaHHYECKOUW CBS3YyIOMIEH
KOMITOHEHTBI.

Bce 310 mpuBOIXUT K BBICOKMM 3HAYEHHSIM JHEPIUMU Pa3pyLICHHS U MOBbI-
IIEHHOW CTOMKOCTH TAKUX CIOUCTBIX KOMIIO3UTOB K YJapHBIM Harpy3KaMm.
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== Composites with continuous layers,

G. Mayer, Rigid Biological
Systems as Models for Synthetic
Composites Science 18
November 2005, V.310, # 5751,

I /\ pp. 1144-1147.

Displacement

=== Segmented composites
82 vlo ceramic

== Segmented composites
89 vio ceramic

Load

Fig. 3. Schematic bend test results of laminated synthetic composites (17); the energy 5+
dissipated is estimated from the area under each curve.

3aB/CUMOCTb HaNPsSXXeHusi G,
OT npornba npu UcnbiTaHUM Ha
n3rnd
1 -oTBEpXOEHHadA 5
LMKnoanudgartumyeckas anokcmaHas B
cmona CY-179 o)

HANPAXEHMWE, MMa

2 - CIOUCTbIN KOMMO3UT (15 5
crnoes) Ha ocHoBe cMonbl CY-179 u T2 m s s b
TTPOTUE,
nneHkun MOTO

Puc. 8. 3asucumocmo nanpsscenus om npo2uba npu UCNbIMAHUU Ha U32Ud INOKCUOHOU
CMOJIbL U KOMHO3UMA HA ee OCHO8e.

AHaJloru4yHbIe PE3YIbTaThl ObLTH IMOJYUYCHBI U OJIA CJIIOUCTBIX ITOJIMMCPHBIX
KOMIIO3UTOB U ITINICHOK.

TH-ASTI Meiallc-intemetalic Laminate Composite
Lisirey Ti-GAl-4% Patal

. — “'E’ff-'g__.:.

The microstructures
typical of Ti- A13Ti
g —_— metallic-Intermetallic
i Laminate composites

Puc. 9. Croucmuiii komnosum uz 08yx @poibe, CIOHCEHHBIX 8 KHUNHCEUK) .
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Awmepukanckue uccienosarenu (K.S. Vecchio u np.) Ipunymanu opuru-
HaJbHBIA CIOCOO MOJYYEHHUS CJIOMCTOTO KOMIIO3UTa U3 JIBYX METANIMYECKUX
(oubr (amoMUHUA U TUTaHA). DOJBIU CKIAABIBAIOTCS B KHMKEUKY M IIOMELIAI0TCA
B I1€Yb, TJI€ IPU HATPEBE U JABJICHUM UIET PEAKIMS U MOJIYYarOTCs KECTKHUE MPOY-
HbI€ CJIOU aJIOMUHATAa TUTaHa M OCTAeTCs HENpOopearupoBaBUIME CIIOM THUTAHA.
OTOT MaTepuan UMEET YpE3BbIYAHO BBICOKYIO YIAPHYIO MPOYHOCTb.

[IpeumyiecTBa «peakiumoHHOro» Meroza nonyuenus CK:

1. Hcxonnsle BemecTBa Jerko GopMyroTcs (MArkue, MmiacTU4HbIe (HONbru).
B npouiecce cunTe3a 00pa3yroTcs nepexoHble CION U YIy4llaeTcs aj-
re3uOHHAas CBA3b CJIOEB.

3. Bapbupys TOJUIMHBI U KOJUYECTBA CIOEB, MOKHO MEHATh MUKPOCTPYK-
Typy NpOAYKTa, B TOM YHUCIIE, OIy4YaTh TPaJUeHTHbIE MaTepHalIbl, IPH-
CIOCOOJIEHHBIE K KOHKPETHBIM YCIIOBUSIM DKCIUTYaTallUU.

4. MoryT UCHOJIB30BATHCSI CPABHUTEILHO MSTKUE YCIIOBUS CUHTE3A.

[Ipu oxnakaeHuu nociie CUHTE3a 3a CYeT pa3HULbl KO3PPULIUEHTOB
TEPMHUYECKOTO PACHIUPEHHSI MOTYT (POPMHUPOBATHCS CKUMAIOIINE BHYT-
pEHHUE HANpPsDKEHUsI B 00JIee XPYINKOM KOMIIOHEHTE (aHAJIO0T HalpshKe H-
HOTO kKeJIe300eTOoHa).

)}

rpaI[I/IeHTHI)Ie MaTepuaJibl

BOABIIMHCTBO NPUPOJHBIX MAaTEPUATIOB OTJIMYAETCS HE TOJIBKO AKCTPEMAaJlb-
HO BBICOKMMHU (DU3UKO-MEXaHMUYECKUMHU CBONCTBaMHU (BbICOKas NpHUBEACHHAsS
IPOYHOCTh U T.II.), HO BXOJIUT B COCTAB KOHCTPYKIUHU, 00JaAa0ONINX YHUKAJIbHbI-
MU SKCIUTYyaTallHOHHBIMHM XapaKTEPUCTUKAMU (IJIUTEIbHAsI CTOMKOCTh K IEPEMEH-
HbIM Harpy3ka u T.1.). I3BE€CTHO, YTO 3TU MaTepuaibl ABISIIOTCA IPAJUECHTHBIMU B
ropaszio OOJbIIeH CTENEHU, YeM JI00ble MCKYCCTBEHHBIE MaTE€pPHAIbl, CO3JJaHHBIC
YeoBeKoM. MHBIMU ci1oBaMH, B JT000H KOHCTPYKITMH, 0Opa30BaHHOM UMH, COCTAB
U CBOMCTBA COOTBETCTBYIOIIETO MaTepualia MPOCTPAHCTBEHHO HEOJIHOPOAHBI, YTO
CBSI3aHO ¢ (DYHKIIMOHAJIBHBIM Ha3HAYCHUEM JaHHOU KOHCTPYKIUH.

Urnel Takux pacTeHuM, KakK, po3bl, KAKTYCbl 1 MHOTHE APYTHE HAPALY C ApY-
TUMHU MEHEe BaKHBIMU ()YHKIMSIMU BBITIOJHSIIOT OCHOBHYIO - 3aIIAIIAIOT PACTEHUE
OT CJIy4alHbIX WJIH YMBIIJIEHHBIX BTOP)KEHUH B €r0 KU3Hb. B cymHocTH OJIM3KYIO
3a/1auy BBITIOJHAIOT W WTJIBI JKHBOTHBIX U PbIO. Tak Urisl exeil u JukoOpa3oB OT-
JMYHO 3alIUIIAI0T 3TUX KUBOTHBIX OT ropas3fo 0oyiee KPYMHBIX U CHIIBHBIX XHIII-
HUKOB.

Onpenensiss BEAMYMHY KPUTUUECKOTO YCUIIUS, UBMEPSIEMOI0 MyTEM HaXaTUs
Ha OYEHb TOHKMM M OCTPBIM KOHYMK MIJIbI KaKTyCa, C POCTOM CHWJIbl HaXaTHs
BIUIOTH /IO TOJIOMKH WIJIBI, NIOJIy4a€M YPE3BBIYalHO BBICOKYIO XapaKTEPHUCTHUKY,
HEJIOCTYITHYK0O TOMOTE€HHBIM HWIJaM M3 JOCTATOYHO MPOYHBIX KOHCTPYKIIMOHHBIX
MeTayuioB. To kK€ OTHOCHUTCS K CBOMCTBAM MIJI €Xel U aukoOpaszoB. 1o xummuue-
CKOMY COCTaBY MaTepHuall ITHYbUX MEPHEB HE CIAUIIKOM JAJEK OT MaTepualia uri u
KOI'T€W AUKUX MKHUBOTHBIX — KEPATHH SIBJSIETCS OCHOBHBIM KOMIIOHEHTOM BO BCEX
3TUX cilydadX. Bmecre ¢ TeM cuibHeWnas NPOCTPAHCTBEHHAS HEOJIHOPOIHOCTH
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MaTepuanoB, 00pa3yroIIUX CIOKHbIE KOHCTPYKIIMHU PA3JIMYHBIX YUYaCTKOB NTUYbE-
ro nepa (ctebis, onaxajia u JAp.) — MepBoe, Ha 4TO oOpaliaeT BHUMAaHUE UCCIEI0-
Barenb. [1o ynenbHOM MPOYHOCTH NTUYBU MEPbS CONEPHUYAIOT C JIYYIIIUMU aBHa-
IIMOHHBIMU MaTtepuaiaMu (aTIOMUHUNH-MarHUEBLIMU CIUIaBaMH U T.1.). Bmecte ¢
TEM I10 CIIOCOOHOCTH BBIJICPKUBATH MUJUTMOHBI Pa3 OrPOMHBIC 3HAKOIIEPEMEHHBIC
nedopManuy MaTepuaibl ITUYbETO Mepa, MO-BUAUMOMY, HE UMEIOT ceOe paBHBIX.

KpaitHe uHTEpECHBIM SIBJISIETCS €lle OJUH BOIPOC, OTHOCAIIASICS K OCOOEH-
HOCTSIM MaTrepuajia U KOHCTPYKIIMH NTHYhero nepa. KoOHUMK mepa, BBIMOJHSET
POJIb CBOEOOPA3HOI0 JAETEKTOpa HAMPABICHUN U CKOPOCTH TEUEHHM BO3ayXa B IO-
IPAaHUYHOM CJIO€ BOJIM3U TIOBEPXHOCTH KpbLJIA: CBEPX AJIACTUUYHBIN MaTepuasl U
KOHCTPYKIIHMSI ’TOTO KOHYMKA 00eCIeUnBalOT OO0IBIION MPOTrud Mpu HUYTOKHO Ma-
JIBIX MEpenajax BO3AYIIHOTO JIABJICHUS C PA3HBIX CTOPOH ONEPEHHON MOBEPXHOCTHU
KoHuYuKa. [10CKOIbKY BBITHYTBIM TaKUM OOpa3oM KOHEI] Iiepa TOPMO3UT Pa3BUTHE
0OpaTHBIX TOKOB y MOBEPXHOCTH KpbLia MpU OOJBIIUX yriax aTaku, MTUIIC TPHU-
CYIIIH YHUKAJIBHBIC TIOJICTHBIC XapaKTePUCTUKHU, HEAOCTYITHBIE COBPEMEHHBIM IIj1a-
HEpaM M CaMOJIeTaM: MOJIEThI C 3aKPUTHUUYECKUMHU YIJIaMU aTakH, MOCajKa U B3JIET
0e3 JIOMOJIHUTENIBHOTO Mpodera u p.

OuyeBHUIHO, 371eCh MBI CJIBHO OTCTaeM OT MPUPOJIBI U UMEEM OTPOMHBIN pe-
3€pB IS MOBBIIIECHUSI DKCIUTYaTAIIMOHHBIX XapaKTEPUCTUK MCKYCCTBEHHO CO37aH-
HBIX U30CIUN.

Jlerkue nenomarepuainsl. /{15 CHUKEHHS Beca PUPOIA CO34aIa MHOKECTBO
KOMITO3UIIMOHHBIX MaTEpUajoB, COAEPXKAIINX MUKPO WM MAKpO IYCTOTHI (S4eu-
cThie Matepuaibl). CepaleBruHa KOCTe, 0COOCHHO y MTHUIl, COAECPKUT KPYITHbIE U
MEJKHE MYCTOThI, KOpa MPOOKOBOrO JiepeBa — KIACCHUYECKUM MpUMEp JIETKOTro
IPUPOJHOTO TIEHOMAaTepuaaa, MOpcKasi ryoka M CcTeOJiM pacTeHUH Takxke Mpe/-
CTaBJISIIOT COOOM MaTepHaIIbl C MPOHUKAIOIIMMHU OTKPBITBIMU ITOPAMH.

UenoBek Takke HAy4duJICs MOJIy4daTh EHOMATEpHUabl U3 OPraHUYECKUX I10-
JUMEPOB, METANIOB, KEPAMUKH U Ap. MaTepuasioB. JIerkue Temion30JsIUOHHbIE
MaTepuaibl IPUMEHAIOTCS B CTPOUTEIBCTBE — HABECHBIE MAHEIU U MEPETOPOJIKH,
3allldTHAs W JIEKOpAaTMBHAs OOJMIIOBKA, paMbl, B XOJOAMIBHUKAX, MOPO3UIHHBIX
YCTaHOBKaX, pedpuxeparopax, B PAAUOTEXHUKE U IIIEKTPOHUKE IS DIIEKTPOU30-
JSIUSL Y37I0B MPUOOPOB, TEPMETHU3AIIMN JIeTalel, KOaKCHAJIbHBIX Kabemnei. Xopo-
110 U3BECTHBI PA3INYHbBIC TIIABYyYHUE CPEACTBA — OyH, OaKeHBI, TOHTOHBI, IOCKH TS
BUHJICEPPUHTA, ClIacaTeIbHBIE CPEACTBA — IUIOTHI, MOSCA, CIIACATENbHBIE YKHUIICTHI,
NOTUIABKH, BOJHBIC JBDKU. BONbIIONH 00BEM NMPUMEHEHW B Ka4eCTBE YMAKOBOY-
HBIX MaTepuaiaoB. B mpou3BoacTBe MeOenu, 0aek b, MOAKIAIO0K ISl KOBPOB, HC-
KYCCTBEHHOM KOXHU HMCIHOJI3YIOTCSI MSITKHE 3JIACTHYHbIE NIEHOMaTepualbl. AMop-
TU3UPYIOIINE, BUOpOAEMIIPUPYIONINE, 3BYKOU3OIUPYIOIINE CBOMCTBA MO3BOJSIOT
UCIIOJIB30BATh UX B MPOKIJIAAKAX JUISl KACOK, UIEMaxX, Pa3MYHbIX TIIYHIUTEISAX U
np. [leHoMaTepuanbl ¢ OTKPBITHIMU MTOPAMU IPUMEHSIOTCS 17151 primbTpoB. B aBua-
MU IIHPOKO UCIOIb3YIOTCS TPEXCIOMHBIE COTOBbIE KOHCTPYKIUHU (pHC.6), JIeTKHE
U J)KeCTKue Ha u3rub. B HUX ucnonb3yeTcs uiaes, aHaJoruyHasi TO, KOTOPYIO MpHU-
poja peann3oBaia B KOCTAX ITHII.
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Puc.10. Jleckas u sxcecmkas mpexciounas comoeas KOHCMpPYKYUsl.

Cy1iecTByeT MHOXECTBO CITIOCOOOB MOJTy4YEeHUsI MOJUMEPHBIX MeH. MexaHu-
YECKOE BCIIEHUBAHHUE — CMENIMBAHUE MOJUMEPHON WM OJIMTOMEPHON KOMITO3UIIUH
B JKUJKOM COCTOSIHUM C Ta30M IPU HOPMAJIBHOM JAaBJICHUM C MOCIEIYIOIIUM
OXJIAKJICHUEM WJIM XUMUYECKUM OTBEPKICHUEM.

Haceimmenue xugakon kommno3uiuu razoMm (N,, CO,, hpeoHbl) npu BEICOKOM
napiieHuU. PacrnaBbel MOJMMEPOB HACKHIMIAIOTCSA Ta30M B JIUTHEBBIX MalllMHAX WU
SKCTpy/epax, rjie ra3 moj AaBieHueM 10 ~150 kr/cMm”® mojaercs depes KaHalbl B
mHekax. [Ipu Bopeicke B (OpMy WIM BBIXOJAE M3 JIKCTPYyAEpa JaBICHHUE PE3KO
cOpachIBaeTCS U MPOUCXOIUT BCIICHUBAHUE.

OueHb pacpOCTPaHEHHBIM METOJ MOJYyYEHUS — BBEICHUE B MOJUMEPHYIO
KOMITO3MITUIO Ta3000pa3oBaTtesis, KOTOPhIA MpH HAarpeBaHUM pazjlaraercs ¢ oopa-
30BaHHEM OOJIBIIOTO KOJIMYECTBA ra3000pa3HbIX MpoAykToB N,, CO,, aMMuax.

OTMeTUM OYe€Hb MHTEPECHYI0 OCOOEHHOCTh TMeHomaTtepuanoB. [logasisto-
miee OOJBIIMHCTBO MPUPOJIHBIX M UCKYCCTBEHHBIX MATEPHAJIOB MPU OJHOOCHOM
CKATUU PACIIHUPSIOTCS B MOMEPEYHOM HAIPABICHUH, UMEIOT MOJ0KHUTENbHBIN KO-
s¢dunment IlyaccoHa (oTHolIEHHE MONEPEYHONW K MPOAOIBHON AedopManuu C
oOpaTHBIM 3HaKOM). Pe3uHa, HarpuMmep, npu aeopManuu coxpaHseT 00beM U ATO
o3Hayaert, 4To ko3¢ durment [lyaccona nis Hee paBeH ~0,5. Ham n3BecTeH TOIBKO
OJINH M30TPOITHBIN MaTepuai ¢ kodddunuentom [lyaccona OIU3KUM K HYITIO — 3TO
npupoaHas mpooka. OHa COBEPIIIEHHO HE C)KUMAETCS MPHU PACTSIKEHUH, TTIOITOMY U
SIBJISIETCSL XOpOIIel mpoOKoi. YemoBek xe CMOT co3/1aTh MEHY ¢ 0COO00M CTPYKTY-
PO, KOTOpOH HET B NMPHUPOJIC W KOTOpas IMOKa3bIBaeT OOJBIION OTPHUIATEIbLHBIN
kodddunment Ilyaccona (okono —1), T.e. pacmupsTCcs B MOMEPEYHOM HarpaBie-
HUU [P OJHOOCHOM pacTsikeHuu. [IpakTnyeckoe NpuMeHeHNE TaKoro MaTepuana,
HACKOJIbKO HaM U3BECTHO, €11€ TOJIBKO UILETCS.

3aKJII0UeHHue

Kak mb1 BuanuM, 4esoBek, co3/1aBasi HOBbIE MaT€pHUANIbl, BO MHOTHUX CIy4asix
JAJIEKO OCTABWJI MO3aJAU NPUPOAY, Y KOTOPOU ydywics. Tak OH MOJYyYHIT METAJUIbL,
KOTOPBIE JKMBasl MPUPOJA HUTAE M HHUKOIJAa HE HMCIOJIb30Baja B KAayeCTBE KOH-
CTPYKIIMOHHBIX MatepuanoB. Mcmons3ys HEPTh B KaueCTBE CHIPHs, YEITOBEYECTBO
CO3JIJI0 IIUPOKUN aCCOPTUMEHT OPraHUYECKUX MOJMMEPOB, BBICOKOIPOYHBIX BO-
JIOKOH U3 HUX, POYHEE NAayTUHBI WIN JPYTUX MPUPOIHBIX BOJOKOH. DTO XKE Kaca-
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€TCSl U PA3NMYHBIX HEOPraHMYECKUX MATEpPUATOB — KEpPAaMUKH, CTEKOJ, OETOHAa U
np.

Co3znianbl KOMITIO3UIIMOHHBIE MAaTepUalibl C PEKOPAHOW IMPOYHOCTHIO U TEll-
JOCTOMKOCTBIO (HaIpUMEDP, YIIEPOI-yriepOIHbIE KOMIO3UTHI).

OrpomHbIe NPEUMYILIECTBA UMEIOT pa3paboTaHHbIE YEIOBEKOM CIIOCOObI MO-
JTy4YeHUs U nepepaboTKu, 0COOEHHO MOIMMEPHBIX MaTEPUAJIOB.

SIBHOE oTCcTaBaHWe HAOMIOAAETCS B CO3/IaHUM T'PAJUEHTHBIX MaTEPUAIIOB, UX
METOJI0B MOJIYYEeHUsI, TepepabOTKH.

[InacTuuHas kepammuka ocTaeTcsi MeuTou uenoBeuecTBa. Kak Ham kaxercs,
OombI10€ Oyayliee y HEOPraHMYECKUX MOJIMMEPOB, HEOPraHUYECKO-OpPraHUYECKUX
KOMITO3UTOB (B MPUPOJIE TAKUX OYEHb MHOT0). XOTeJIOCh Obl, YTOOBI OHM JIETKO
nepepadaThIBAIMCh, ObUTA BBHICOKOTEPMOCTOMKHE, XUMHUYECKH- U BOJIOCTOMKHE U
UMEJH Xopollee coueTaHue GU3NKO-MEXaHMUYECKUX CBOMCTB.

Hakonern, HyxHa xoporias 3aMeHa He()TH U Ta3a JJi1 CUHTE3a OPTraHuYeCKUX
OJIMMEPOB U KOMIIO3UTOB. OUEBUJIHO, 3/1€Ch B MEPBYIO OUepeab CIEAYET UMETh B
BUJTY 1EJUTIONO3Y U XUTUH, BOBMOXKHO Oenku. Hy>KHbI HOBBIE dKOJOTHYecKu Oosee
YHUCTHIE, YEM COBPEMEHHBIE METO/bl UX MepepadoTku. B aToM HampasieHun pado-
Thl, KOHEYHO, BEIYTCS, HAIpUMep, pa3zpadbaTbiBatoTCsl TBepAO(da3Hbie 0e3pacTBOP-
HBIE METOJIBI.

Eme oaun BaxkHbIN Bompoc (OCOOEHHO C SKOJOTHYECKON TOYKU 3PEHUS)
BTOpUYHas NepepaboTka KOHCTPYKIMOHHBIX MAaTEpUAIIOB M HCIOJIb30BaHUE IPO-
IYKTOB TaKoW MepepabOTKH i MOJIY4YEHHUs LIEHHBIX NMPOJYKTOB, B TOM YHCIE U
HOBBIX MaTEpHUAaJIOB.

KonedHo, Haj0 MOHMMATh, YTO HAa CaMOM JeJi€ MPHUPOJHbIE MaTepUalbl —
3HAYUTEJIBHO CJIOKHEE U TauHCTBeHHee. OHU CIOCOOHBI MOJAaBaTh CUTHAJIBI MPU
pa3pylIeHUH, HallpUMep, OPraHu3M 4yBCTBYeT 0oib. Ilpupoansie Matepuansl ca-
MO3aJIeYMBAIOTCS, CAMH PEMOHTUPYIOTCA. OHU MOT'YT MOJCTPauBaThCs K OKpYXkKa-
IolIEeH cpeje, mpuiaraeMoil Harpyske (smart material). CeromaHst MOKHO HaliTH pa-
OOThI HaJ] ICKYCCTBEHHBIMU MaTepUaIaMH B 3THUX HAIPABIICHUAX, a KOE-UTO yXKe U
C/IEJIaHO.
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IIporHo3upoBaHue NPOYHOCTHBIX XaPAKTEPUCTHK
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AnHoTanus: B HacTosieit pabote Obuta paccMOTpEHa MOJICNIb B3aUMOJIEH-
CTBUS CyOCTpaTa M ajre3uBa, KOTOPOE OOYCJIOBJICHO HCKIIOYHUTEIBHO CHUJIAMH
MEKMOJICKYJISIPHBIX B3aUMOJCUCTBUM, TAKUMU Kak cuibl BaH-nep-Baanbca. Bel-
BEJICHO YPaBHEHHE, OTPAXKAIOUIEE CBS3b CHJIBI MEXKMOJICKYJIAPHOIO B3aUMOJICH-
CTBUS ABYX MAKpPOCKOMUYECKUX MOJICKYJISIPHBIX CUCTEM OT KOT€3UOHHOM MPOYHO-
CTH ITUX cucTeM. BBeneHa koHcTaHTa — KO3 duueHT 3hPEeKTUBHOCTH aqTre3H-
OHHOTO B3aWMOJICHCTBUS aAre3uBa M CyOCTpaTa, KOTOPBIM KOCBEHHBIM 00pa3oM
UHOOPMUPYET O TPUPOJIC B3aUMOIEHCTBHUS MOJICKYJISIPHBIX CHUCTEM, a TakKe O
F€OMETPUU FTOTO KOHTAKTA, SIBIISIFOIIETOCS OCHOBOM MEXAHUYECKOW TEOPUHU aAre-
3un. [lonyyeHbl 3aBUCUMOCTH, MO3BOJISIIOIIAE OLUEHUTH MPOYHOCTh aJr€3UOHHOTO
KOHTaKTa 1Mo WH(pOpMaIuu 0 BEINYNHAX KOT€3UNOHHOW ITPOYHOCTH aJire3uBa U cy0-
cTpara MpPU H3BECTHOM XapaKTepe MX MEKMOJIEKYISIPHOTO B3aUMOJCHCTBHUS, A
Takke 0000IIeHHas! 3aBUCUMOCTh MPOYHOCTH aJIN€3MOHHBIX COCIMHEHUHN OT MPOY-
HOCTH MCXOJHBIX KOMIIOHEHTOB aAre3uWBa M CyOCTpaTa W OT COJSPKAHHUS ITUX
KOMITOHEHTOB. [IpenoxkeH CTpYKTYpHBIM MOAXOJ, MO3BOJISIIOIIAN CHUCTEMATU3U-
pOBaTh pazIMUHbIC PU3HMUECKHUE CUTYAIIMH HE TOJBKO 11 OJJHOKOMITOHEHTHBIX CH-
CTEM, HO U JJI5I MHOTOKOMIIOHCHTHBIX.
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Abstract: In this paper, there was considered a model for the interaction of a sub-
strate and an adhesive, which is exclusively due to forces of intermolecular interac-
tions, such as Van der Waals forces. Equation had been derived which shows the
relations of the force of intermolecular interactions of two macroscopic molecular
systems to the cohesive strength of these systems. It was introduced a constant
which is Coefficient of effectiveness of adhesion interaction of the adhesive and
substrate, which indirectly informs about the nature of the interaction of molecular
systems, as well as the geometry of this contact, which is the basis of the mechani-
cal theory of adhesion. Dependences have been obtained that make it possible to
evaluate the strength of the adhesion contact from information on amounts of the
cohesive strength of adhesives and substrates with their known intermolecular in-
teraction, as well as the general dependence of the strength of adhesion joints on
the strength of the initial components of the adhesive and the substrate, and on the
content of these components. A structural approach is designed that allows system-
atizing various physical situations not only for one-component systems, but also
for multicomponent systems.

Keywords: Adhesive; Substrate; Disperse systems; Theory of adhesion; Van der
Waals interaction; Destruction of adhesion joints; strength of adhesive joints.

BBenenune

Pa3BuTre COBpEMEHHON TEXHUKHM OCHOBAHO HAa CO3/IaHUUM U MPUMEHEHUU
KOMIIO3UIIMOHHBIX MaTepuanoB. KoMIO3UTHBIA MaTepual, KOMIIO3UT 3TO HCKYC-
CTBEHHO CO3JaHHBIM HEOJHOPOJHBIN CIUIOIIHOW MAaT€pUall, COCTOAIIUNA U3 JBYX
nim 6osee a3 ¢ Y€TKOW TpaHMIICH pa3aena MeXIy HUMU. B OOJIBIIMHCTBE KOMIIO-
3UTOB (Da3bl MOYKHO pa3/ICINTh Ha MAaTPHUILy WM CBSI3YIOIIEE U BKIIOUYEHHBIC B HEE
apMUPYIOIIUE SJIEMEHTHI WIIM HaINoJIHUTEIU. PazpaboTaHo OrpoMHOE KOJMYECTBO
KOMITO3UITMOHHBIX MaTEPUAIOB Pa3IMYHOI0 KOHCTPYKIIMOHHOTO M (DYHKIIMOHAJIb-
HOrO Ha3HaueHud. [Ipm >TOM BaXKHOM 3agayer SBISIETCS MTPOTHO3HUPOBAHUE
CBOMCTB KOMITO3UIIMOHHBIX MaTEpHaoB, Yepe3 B3aUMOACHCTBUE YUAaCTBYIOIIUX B
ero cosmanuu ¢as.

B nHacTosiee BpeMs B pa3IMYHBIX 00JACTAX HAYKH M TEXHUKH IS OTUCA-
HUS B3aMMOJICUCTBUS JBYX Pa3HOPOJHBIX MaTepualioB (CBapka, maiika, CKJIeHBa-
HUE, TPEHUE U T.JI.) IPEIJIOKEHO JOCTATOYHO MHOTO TEOpUH W KOHIenIui. Tak,
TOJILKO B TEXHOJIOTHH CKJICUBAHUS MPEIIOKEHO OOJBIIIOE KOTMYECTBO TCOPUH a-
re3uu [1-3]. OcHOBHas 3aj1aya BCEX dTUX TEOPUM — MpeJICKa3aTh BEIUYHUHY ajre-
3MOHHOW TIPOYHOCTH, KOTOpas BO3HHMKAST MEXIY CYOCTAaHIMSIMHU, HUCXOAS W3 UX
XUMHUYECKOTO CTPOSHHSI, CTPYKTYPHl M YCIOBHH 00pa30BaHMUS KOHTAKTa MEXKITY
Humu. [IpumepaMu Takux TEOpUM aATre3uH SBISIOTCS: MEXaHUYeCKask TEOpUs aJire-
3UM, afCOpOLIMOHHAs, NeKTpruuecKasi, AMb y3uoHHAas, FJIEKTPOpPEIaKCallMOHHAS, a
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TaK)K€ HEKOTOpBIE JIPYTHe TEOPHUH, MO-Pa3HOMY TPAKTYIOIIUME MEXaHU3M 00pa3o-
BAaHMS U Pa3pyLICHUS aAT€3UOHHOTO COCTUHEHNS.

['maBHON OCOOEHHOCTBIO 3THX MOJENEH SABIAETCA HaJIW4YUe OOIel rpaHuy-
HOM MOBEPXHOCTU ABYX, Yallle BCEro Pa3HOPOAHBIX, MAaTEpPHAIOB — cyOcTpaTa, U
aaresuBa. Aare3ust Mexy (azaMu B KOMIIO3UIITMOHHBIX MaTepuaiax — 3TO OYEHb
BaXHBI (haKTOp, ONpPENEAIOUMNA CBOMCTBA KOMIO3UIIMOHHOTO Marepuana. Cie-
JIOBATEJIbHO, MPEACKA3aHUE MPOYHOCTH AATE€3MOHHOTO COEIMHEHHUSI OYEHb BayKHO
IIPU CO3/IaHUU COBPEMEHHBIX KOMITO3UIIMOHHBIX MAaTEPUAJIOB.

AJIr€3MOHHBIE COETMHEHUS JOBOJBHO YaCTO Pa3pylIAlOTCA MO TPAHULIE Pa3-
Jiena IByX MaTepualioB WM BOJU3H Hee, T.€. TPaHMIla B aAT€3UOHHBIX COCTMHEH -
SIX Yallle BCETOo sIBJIIETCS HamOoliee crnabbiM aneMeHToM. [loaTomy Hanbomee Bax-
HbIM OOBEKTOM HCCIEIOBAHUM SIBISETCS MPOUYHOCTH aJre3MOHHOM CBS3H, T.C.
MPOYHOCTh COeAMHEHHS Ha rpaHulle. [[oCKOIbKy pa3mMepbl rpaHuUllbl HE COU3MEpPHU-
MO MaJibl 10 CPAaBHEHUIO C OCHOBHOM Maccoi mMarepualia, TO HEKOTOPbIE U3 KpUTeE-
pHUeB, MPUMEHSIEMbIC JIJIs CIUIONIHBIX CPeJ HE MOTYT ObITh MPUMEHEHBI K are3u-
OHHOMY pa3pylieHHI0. B yClIOBUsIX COXpaHEHHMSs CIUIOINIHOCTHA MaTepuaia, 3TH Je-
dbopmaruy o 06e CTOPOHBI OT TPAHUIIBI OOBIYHO PA3TUYHBI, XOTs JePOopMaIuoH-
HBIE NIEPEMENICHHS B HUX SIBJISIIOTCSI HENIPEPHIBHBIMU.

[Ipy mocTaHOBKE KOHTAKTHOW 3a/Ja4M O Pa3pylICHUM aJr€3MOHHBIX COEIU-
HEHHUI MBI TIPEAIoIaraéM, 4To MOBEPXHOCTh KOHTAKTa JIBYX CpEll MPEACTaBIACT
co00ll HEKOTOPYIO HACANbHYIO TIAIKYIO WM JIOKAJBHO TJIAJKYIO MOBEPXHOCTH.
[Ipu 3TOM HY>XKHO UMETh B BHU]Y, UTO B PEAJIbHBIX MU3JEIHIX 3TO JAJEKO HE TaK —
0OBIYHO TTOBEPXHOCTH cyOcTpaTa siBisieTcst mepoxoaToid. C yBeTWYEHHEM IIIEPO-
XOBAaTOCTH TMOBEPXHOCTHU aAT€3MOHHASI MPOYHOCTH PACTeT. DTO 0O0YCIOBJIEHO Kak
yBEJIMUEHHUEM TUIOMIAIM MIOBEPXHOCTH, TaK U 00pa30BaHMEM MEXAHHMYECKHUX 3allel-
JCHUN MEXIy aare3uBOM U MOBEPXHOCTHIO CyOcTpaTa, 3a CUET 3aTeKaHUs CBS3Y-
IOIIETO B MIEPOXOBATOCTH MOBepxHOCTH. [IlepoxoBaToCcTh MOKET OBITh Pa3TUYHOM
o ¢opme, a e YpOBEHb, XapaKTEPU3YIOIIUH BHICOTY TPeOCIIKOB, MOXKET OBITH CO-
IIOCTaBUM C TOJIIIMHON aAre3uOHHOro cios [4,5].

Bce a1t addexThl MMEIOT MECTO, HO OHU SIBJISIOTCA JIMIIB MPOU3BOIHBIMU
P aAre3MOHHOM B3anmoaeiicTBUU. OCHOBHOM BKJIAJ B aIT€3UI0 BCE-TaKU BHOCST
XUMHUYECKHE B3aUMOACUCTBHUS. B 11e10M, B CYIIECTBYIOLIEH JINTEPATYPE ONUCHIBA-
€TCSl YeThIpe THUIA B3aUMOJCHCTBUMN, KOTOpBIE peaau3yloTcs Mpu 00pa3oBaHUH
XUMHYECKOW CBSI3U: KOBAJICHTHBIE CBSI3HM, BOJOPOAHBIC CBS3M, CHibl Jludmmma -
Ban-gep-Baanbsca, 1 KHCIOTHO-OCHOBHBIE B3aumojAeHcTBUA [6]. OmgHaKo ciaeayet
OTMETHUTh, YTO KHCIOTHO-OCHOBHBIE B3aUMOJICHCTBHS SBJISIOTCA OJHOW U3 Pa3HO-
BUJIHOCTEN XMMHWYECKUX CBSI3€M, & MMEHHO JOHOPHO-aKLIENTOPHOM CBS3H, U, IO
CBOEH CYyTH, OTPaXKAIOT TOJBKO MEXaHU3M 00pa30BaHUs dTOH CBS3U.

Cuibl, BO3HUKAIOUIME MPU B3aUMOJICUCTBUU aJire€3uBa U cyOcTpaTa, MOXKHO
NOJIpa3/IeTUTh Ha JBE TPYIIBI: OJM3KOACHCTBYIONINE W JAITBHOACHCTBYIOIIHE.
bim3koaencTByOMKE CUIIBI BO3HUKAIOT NPU CONPUKOCHOBEHUM MOJIEKYJ; K HUM
OTHOCSITCSI CHJIBI OTTaJKWUBAHUS U CUJIbI XMMHYECKOW CBS3U. XUMHYECKasl CBS3b
o0Opa3zyeTcs B pe3ysibTaTe 0000IIECTBICHHUS JIEKTPOHOB MPH CONMMKEHUH MOJIEKYJL.
DHeprusi XUMUYECKUX CBSI3ed MOXKET JoCcTUrath BeauyuH nopsaaka 400 kJ[>x/mMoib
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— 3TO CHJIBHBIE XUMUYECKHUE CBSI3U, K HUM OTHOCSTCS MOHHAs U KOBAJICHTHAs CBS-
3. XUMHYECKasi CBA3b MOXKET ObITh W OYEHb CJIaboil ¢ 3Heprued mnopsaka 1
k/[/Monb, K TAKOMY THITY CBSI3M OTHOCUTCSI BOJOPOAHAs CBs3b. bin3koaeicTBy-
I0I1le€ OTTAJIKMBAHUE B OCHOBHOM BBI3BAHO POCTOM KUHETUYECKOW DHEPIUU DJICK-
TPOHOB MpHU COMMMKEHUU MOJEKyd. JlalbHOAEHCTBYIOUIME CHUIIBI MOAPA3IEISIOTCS
Ha DJIEKTPOCTATUYECKUE B3aUMOJIECUCTBUA MEXKIAY MOHAMU, METALINYECKYIO CBS3b
u cuiibl Ban-gep-Baanbca [6,7].

1. DHeprusi B3anMoIeCTBUA aJAre3uBa U cyocrpara ¢
TOYKHU 3PEHUS] KBAHTOBOM XMMMH

PaccmoTpum aBe mosiekyinbl aare3uBa (a) U cyoctpata (s), KOTOpbIe Haxo-
JATCS HA paccTossHUM R npyr oT apyra. [l paccMOTpeHus MpOCTEHIIero BapuaH-
Ta, CYUTAEM, YTO MOJIEKYJbl HAXOJATCS B CTAllMOHAPHBIX COCTOSHUSAX, T.C. HX
CBOMCTBA HE 3aBUCST OT BpEMEHH. TaKKe UCKIIOUNM M3 PACCMOTPEHHS TEIUIOBBIC
JIBIDKCHMSI aTOMHBIX SIZIEP B MOJICKYJIaX, & MOJICKYJIbl HE M3MEHSIOT CBOCH KOH(H-
rypalu U He BpamarTcs. B 3ToM npubavKeHuH MoJHas SHEPrus U30JUPOBaH-
HOM MOJIEKYJIbI 3aBUCUT TOJIBKO OT COCTOSIHUSA €€ 3JeKTpoHOB. Konebanus suep u
JIPYTHE WX MepeMelleHrs 0OBIYHO HE BHOCST CYIIECTBCHHBIX U3MEHEHUH B dHEP-
U0 MOJIEKYJI, TO3TOMY B JIAaHHOM CJIy4ae UMU MOXHO MpeHeOpeub. Takoii cmocob
npUOTMKEHHOTO OMHMCAHKS MOJIEKYJ HOCUT Ha3BaHHME aauadaTHUecKoro mpuOiu-
xkeHus unu npuommkenuss M. bopua u JI.P. Onmenreiimepa. AnnabaTtuyeckoe
npuOIMKEeHHE CIPaBeIIMBO, KOTJIa JBUKEHHUE JIEKTPOHOB HE UCIIBITHIBAET PEIKUX
W3MEHEHUH MPU MaJbIX MEpeMelIeHusX aaep [8].

ITycts Y, u P, 0003HAYAOT BOJHOBBIC (DYHKITMHU MOJIEKYJ aJre3uBa u cyo-
cTpara, KOrja OHM HU30JUPOBaHBI JIPyr OT Apyra, T.e. korga R — co. B coorBer-
CTBUU C OOIIMMHU TPEOOBAaHUSIMH KBAaHTOBOW MEXaHUKH BOJIHOBBIC (PYHKIIUU Y, U
s €CTh OJTHO3HAYHBIC U HEMPEPHIBHBIC (YHKIIMH KOOPAHHAT 3JIEKTPOHOB, UMEIO-
MIMXCS B MOJIEKYJax ajire3uBa W cyOcTpaTa, cOOTBeTCTBeHHO. KBamgpar momyns
Ka)XJIOH BOJIHOBOW (DYHKIIMM JOJDKEH OBITH MHTErpUpyeMbIM. Kaxkmas 13 BOJIHO-
BbIX (YHKIIMA aHTHCUMMETPUYHA, T.€. MEHSET 3HAK IPH MEPECTAHOBKE JFOOBIX
JIBYX 3JICKTPOHOB B MoOJieKyJie. [[ns onepaTopoB I aMuinbTOHA Ka)Xa0M U3 MOJIEKYJ
BBeJeM 0603HaueHus H, u H,, >Heprum Monekyn obo3HaunM uepe3 E, u Ej. ITo-
CKOJIbKY MOJIEKYJIbI HaXOJSTCS B CTAIlMOHAPHBIX COCTOSIHUSAX, ypaBHeHus [lIpe-
JUHTEpa JUTsl HUX UMEIOT BH/I:

A

Hyy, = Eyp,
(1.1)
Hyy, = Egy,

Oneparop ['aMuinbTOHA CHUCTEMBI, COCTOSIIEN U3 JBYX M30JUPOBAHHBIX MO-
JeKyJ aAre3uBa v cyocTpaTa, IpeacTaBisieT co0oit cymmy ornepatopoB H, u H;:

H,= H,+ H, (1.2)
101



I7Ie MHJIEKC 00 03HAYaeT, YTO MOJIEKYJbl aAre3uBa U cyocTpara OECKOHEYHO ya-
JI€HBI IpYT OT Apyra. DHEPrusi CUCTEMbI paBHA CyMME YHEPTrUi M30JUPOBAHHBIX
MOJIEKYI:

Ew=E, +E, (1.3)

DTO COOTHOIICHHE CIPABEAJIMBO, €CIU BOJIHOBAs (DYHKLMSI CUCTEMBI IpPEa-
CTaBJIsIET CO0O0M MPON3BENECHUE BOJHOBBIX (DYHKIMI U30JUPOBAHHBIX MOJIEKYJT

Yoo = Yaihs (1.4)

PaccMoTpuM BapuaHT, KOT/1a paccTostHue R MeXIy MOJieKylaMH aAre3uBa u
cyOcTpaTa He BEJIHMKO, U Hellb3sl MpeHeOpedb B3aUMOICUCTBUEM MEXY 3JEKTPOH-
HBIMH OOJTaKaMu 3TuX Monekysl. Torma omeparop ['aMuinsToHa H TS CHCTEMBI U3
JIBYX MOJIEKYJI He paBeH H.,:

H=H,+H (1.5)

IZie ONepaTop BO3MYIICHUS H'yduTHIBAET H3MEHEHHE COCTOSHHS CHCTEMBI B pe-
3yJbTaTe B3aUMOJICHCTBUS MEKY MOJIEKYJIaMH.

Jlo Tex mop, moka BOJHOBBIE (PYHKLIMK MOJIEKYJ aAre3uBa U cyOcTpara He
NEPEKPHIBAIOTCS, BOJHOBAsI (DYHKIMS CUCTEMBI B MPUHIUIIE MOXKET OBITH Mpe.i-
ctaBieHa ¢ nomonibio (1.4). B ciydae koraa paccrostaue (R) Mexay MOJEKyIaMu
aare3nBa M cyOCTpaTa Majo, U MEPEeKPhIBAHHUEM HX BOJHOBBIX (PYHKIUN HENb3S
npeHeOpedb, TOT/Ia BOJHOBAs (DYHKIIUS TaKOW CHCTEMBI Y OYyIET OTINYAThCS OT
BOJIHOBOM (DYHKITUU YIAJICHHBIX MOJEKYI Yo,. Takas cuTyainusi 00yCcjIoBICHA €Ille
TEM, YTO BOJHOBasl (PYHKIMS B3aUMOJCHCTBYIOUIUX MOJICKYJ SBIISETCS aHTUCUM-
METPUYHOMN. DTO CBOMCTBO €€ OTHOIICHHEM K MEePECTAaHOBKAM MPOCTPAHCTBEHHBIX
U CIIMHOBBIX KOOPJIMHAT 3JIEKTPOHOB MOJEKYJ aAre3nBa U cybcTpaTa, MOCKOJIbKY
BOJTHOBBIC ()YHKIIMHU ATHUX MOJIEKYJT 00pa3yIoT eIMHOE 1IeJI0E.

[Tonnast sHEprus cuctemsl F, B IPHUHIIMIE, MOXKET OBITh HalIeHa C TTOMO-
uipt0 ypaBHeHnus Llpeaunrepa:

HY = Ey (1.6)
OTKYJa CIIEIyEeT, YTO

E=]y Huydv= (y|H|p (1.7)
716 MHTErPUPOBAHKE MPOU3BOAUTCS MO KOOpPAMHATAM BCeX 31eKTPOHOB [8,10].

Pa3nocTh 3HEpruii cuctemMbl JBYX MOJIEKYJ aJre3uBa U CyOcTpaTa MpU UX
MepeMeIleHNH U3 0ECKOHEYHOCTH K TOUKE B3aUMOJICHCTBUS:
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AE =E —E, (1.8)

MpeACTaBIAeT cOO0I FHEPTUI0 B3aUMOJACHCTBUS MOJIEKYN aAre3uBa U cyOcTpara.
Tak Kak omepaTop BO3MYIIEHHsA ['M BomHOBas (GYHKIIHS CHCTEMBI ) 3aBHCAT OT
paccTtosiHuST R MeXTy MOJIEKyJaMH, TO SHEPTUs B3aUMOJICHCTBHUS TOXKE SBISETCS
HekoTopoil pynkuueit R. Ilockonbky sHeprust E onpeneneHa ¢ HTOMOUIbIO YpaBHE-
Hus (1.7), oHa mpeacTaBisieT cO00M MOTHYIO PHEPTUIO CUCTEMBI, T.€. CYMMY KBaH-

TOBOMEXAHUYECKON CpEeIHEN KMHETUYECKON JHEPrUU IEKTPOHOB (T.) U KBaHTO-

BOMEXAaHNYECKOU CpEIHEN MOTEHIIMAIBHON YHEPTUH SJIEKTPOHOB U siAep (Uen)

E= (T + (Uen) (1.9)

C npyroii croponsl, 3Heprust E ectb GyHKMs R 1 MOXKET paccMaTpHUBaThCS
KaK MOTEHIMAIbHAs DHEPTHsl B3aMMOJEUCTBUS MEXKIAY MOJEKYJaMH aare3uBa U
cyoctparta. Kak u3BecTHO, cuiia, B3aUMOJIEHCTBUS IBYX MOJIEKYJ, cBsi3aHa ¢ E(R)
COOTHOILICHUEM:

_ dE(R)
F=-—p” (1.10)

B agnabatudeckom npubnmkeHuu [ 8]

dE(R) [ |9uq,

r7ie P — BOJIHOBasg (PYyHKIMSI CHUCTEMBbI, COCTOSIIEH M3 MOJIEKYJ aare3nBa u cyo-
ctpata. OHa saBisieTcsl PyHKIIMEH KOOPAMHAT BCEX DJIEKTPOHOB U SIACP MOJICKYJIBI,
KOTOpBIE MPEJICTABISIOT CO0OM MapaMeTphl, XapaKTEPU3YIOUIUX COCTOSTHUE BCEH
CHCTEMBI;

Ug , — TIOJIHAS TIOTEHIMAIbHAsS YHEPrus Bcell cucteMbl. OHa npeacTaBisieT coOoH
CyMMY IIapHBIX KYJIOHOBCKUX 3JIEKTPOCTATUYECKUX OSHEPIUM B3aWMOJECHCTBUSA
MEXKly BCEMH BO3MOXHBIMM IapaMu 4acTULl. OYHKIMS U, ,, TAKIKE 3aBUCUT OT KO-
OpIMHAT BCEX S7EP U DIEKTPOHOB, UMEIONTUXCS B MOJIEKYJIaX ajre3uBa u cyocTpa-

Ta.
| aue_n

dR
BCEM CUCTEMBI MO PACCTOSHHUIO, PABHA AJIEKTPOCTATUYECKON CHUJIE, KOTOpas IeW-

| - a0COJIFOTHAS BEJIMYMHA IMPOU3BOTHON MTOJTHOW MOTEHIIMAIBHOW YHEPTHH

CTBOBaIa ObI MEXKIy MOJIEKYJIAMH aJre3uBa U cyocTpaTa, eciu Obl HE TOJIBKO MO-
JIOKEHHUS 1P, HO U KOOPJIMHATHI DJIEKTPOHOB ObLIIU Obl (PUKCUPOBAHBI.
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WnrterpupoBanue B (1.11) npousBoautcs mo KOOpPAMHATAM BCEX DIIEKTPO-
HOB, MPU 3TOM MPOMCXOAUT KBAHTOBOMEXAHMUYECKOE YCPEIHEHUE 3JIEKTPOCTATH-
YECKOW CUJIbI, ICHCTBYIOIIEH MEXTY MOJIEKYIaMu aJire3uBa u cyocrpara [8].

Korzpa paccrosHue Mexay MoJIeKyJaMu BEJIMKO HAaCTOJNbKO, YTO MEPEKPHI-
BaHUEM 3JIEKTPOHHBIX OpOUTANEe MOJEKYJ aAre3nBa U cyOcTpaTa MOKHO IpeHe-
Opeub, TO TaKOE€ B3aMMOJICUCTBHE MEXAY MOJEKYJIaMH Ha3bIBae€TCA NAJbHOJCH-
cTBytoMM. B ciyuae, korga mpouCXOJUT NEPEKPbIBAHUE 3JIEKTPOHHBIX OpOUTa-
Jeil B3aMMOJEHCTBYIOIIMX MOJIEKYJI, TOTJIa BOSHUKAIOT CHJIbI OJIM3KOAEHCTBYIOIIE-
ro OTTAJIKUBAHUS U, KPOME TOT'0, MOKET 00pa30BaThCsl XUMHUYECKas CBSI3b.

2. OueHKa NMPOYHOCTH AJATe3MOHHbIX COeTUMHEHHUH Ha
OCHOBE JIUCIIEPCHBIX CUCTEM C MPHBJIEUYEHUEM MMAPHBIX
MOTEHIUAJIBLHBIX (PyHKIMH

TeopeTnueckre pacueTbl aJAre3MOHHBIX B3aMMOJICUCTBUN MMEIOT 3HAUYEHUE
JUIS. KQaYECTBEHHBIX BBIBOJIOB 00 WX 0cOOCHHOCTAX. KomnuecTBeHHBIE XapaKTepHu-
CTUKH JIJI1 TAKUX CUCTEM B OOJIBIIMHCTBE CIydaeB IMOJIYUYAIOTCS C TMTOMOIIBIO JKC-
NepUMEeHTa. DKCIIEpUMEHTAIbHBIC JJaHHbIE 00 HHEpPTrHu Mex(a3zHOro B3aMMOJICH-
CTBUSI MOT'YT OBITH ONMKCAHBI C MIOMOIILIO AMIIUPUUYECKUX dhopmyil. [ ammupuye-
CKOTO OMHCaHUs MeX(pa3HbIX B3aUMOJEHCTBUN YAaCTO MPUMEHSIOT (GOPMYIIbI, BbI-
BEJICHHBIE JJISI MEKMOJIEKYJIIPHBIX B3aUMOJEHCTBUN T'a30B WIM JKUJIKUX CHCTEM.
Takoe mpruMeHeHHEe UX BO3MOXKHO B HEKOTOPBIX CIIy4asiX, HO IMPU 3TOM HEOOXOA M-
MO YUYUTBIBaTh cieaytouiee. Bo-nepBoiX, B ra3ax CpeHEE pacCTOSHUE MEXKAY MO-
JIeKyJIaMH BEJMKO, TI0O9TOMY CPaBHUTEIHHO OOJIBIION BKJIaJ BO B3aMMOJICHCTBHE
BHOCSIT JalibHOJACHCTBYIoMe cuiibl. Korma Monekynsl aare3uBa M cyOcTparta
ANEKTPUUYECKH HEUTPAJIbHBI, TO B 3TOM CIlly4ae ACHCTBYIOT B OCHOBHOM JUIIOJIbHBIE
U JIOHJJOHOBCKHE B3aUMOJEHCTBHSA. B KUIKOCTIX, OYCHb Ba)KHA POJIb OJIM3KOACH-
CTBYIOIIMX CWJI. BO-BTOpBIX, SHEPIHsl PEAKTUBHOTO B3aUMOJEUCTBUS MOJISIPHBIX
MOJIEKYJI C OKPYXAaIOIlIEeil Cpelor B razax mania, a B )KUAKOCTSAX M TBEPABIX TEIax
BEJIMKAa U MOXXET CYIIECTBEHHO M3MEHSATHh SHEPIHI0 OOpa30BaHUs CBSI3EH MEXIY
MoJiekynamu. Takum o6pa3om, (opMyIbl, OCHOBaHHBIC Ha CBOMCTBAX ra3oB, BEAYT
K HEJOOLIEHKE POJIY JaJbHOJACUCTBYIOUIMX CUJI. B-TpeThux, mpu nepexoae Mexmay
TBEP/IOH, KUJKON U Ta30BOM (hazamMu, B JEHCTBUU MEXKMOJEKYISIPHBIX CHII TIPOSIB-
JSIIOTCS. KAYECTBEHHBIE M3MEHEHUS. DT H3MEHEHHsI OOYCJIOBJICHHBIE BIHMSHHEM
3 PeKTOB KOJUICKTHBHOTO B3aUMOJICHCTBHS OOJBIIIOr0 4YHCIIa YacTHIl. B-
YETBEPTHIX, IMIHPUUECKIE GOPMYIBI MPEJCTABISIOT COO00N yCpeanHEeHHYTO A dek-
TUBHYIO XapaKTEPHUCTUKY MEKMOJICKYISIPHBIX cuil. Crocod ycpemaHeHHs] OOBIYHO
HE PacCMaTpUBAETCS, HO OH JOJDKEH 3aBUCETh OT METOJA MCCIEIOBAHUS YHEPTUU
B3aMMOJICHCTBHS M BIHSIET Ha (HOPMY SMIHUPUIECKON MOTEHIMATBLHON ()YHKIIMH
V(R) v 3Ha4eHus] GUTYPUPYIOMIUX B TOW (PYHKITUU TTApaMETPOB.

MeTo1bl, TO3BOJIAIONINE CBSA3BIBATH MAKPOCKONMYECKUE CBOMCTBA BEIIECTBA
cyOcTpata M ajare3nBa ¢ MEKMOJEKYISIPHBIMU B3aUMOJICUCTBUAMU, TPUMEHHUMbIE
JUIS Ta30B, HE BCErJa MPUTOJHbI IIPU ONUCAHUUA CBOWCTB XUJKOCTEW M TBEPJBIX
ten. [lo aTuM npudrHam 3mMnupuyeckue Gopmysbl, IPUMEHUMBIE I XapaKTepH-
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CTUKU MEXMOJIEKYJISIPHBIX B3aUMOJECHCTBUN B ra3ax, Hejb3s 0€30roBOPOYHO MpPU-
MEHATh B XOJI€ HCCIIEIOBAHMS AAr€3HUOHHBIX CHCTEM. MOAENMPOBAHUE KUJIKUX U
TBEPABIX aAT€3UOHHBIX CHCTEM C IIOMOIIBIO SMIUPUUYECKUX COOTHOLICHUH, MOJIY-
YEHHBIX JJI1 ra3000pa3HbIX BELIECTB WM Pa30aBICHHBIX PAacTBOPOB, BO3MOXKHO.
OnHako BBIBOJBI, OCHOBAaHHBIE HAa NMPUMEHEHUHM TAKUX MOJENEH, HYKIAIOTCS B
IIPOBEPKE.

BnepBeie MeTO pacyeTa SHEPTUM PELIETKH MOJIEKYJSPHBIX KPUCTAJUIOB C
NOMOUIBI0 «aTOM — aTOM NOTEeHLHaIoB» Obul npennoxken A.W. Kutaitropoackuii
[9]. Kaxxnplii aTOM, BXOASAIIMI B MOJIEKYJTY, pacCCMaTPUBAETCA KAK HEKOTOPBINA CH-
JIOBOM LIEHTP. DHEPTUsl B3AUMOAECHCTBHS MOJIEKYJI PaBHA CYMME DHEPTUM MapHbBIX
B3aUMOJECHCTBHI aTOMOB i W j, MPUHAJIEKAIINUX Pa3HbBIM MOJIEKYyJaM. DHEpPIuu
B3aUMOJICHCTBUS aTOMOB V;; 3aBUCAT JIMIIb OT COpTa aTOMOB. OHM HE 3aBUCAT OT

TOr0, B KaKyl0 MOJIEKYJYy U B KaKOM BaJIEHTHOM COCTOSIHUM aTOMbI BXOJAT. [y
MOTEHIUATIOB V;j MOTYT ObITh NPUHATHI PAa3IHYHbIE AHAIUTHYECKHE BBHIPAXKEHHUS,
Hanpumep noteHuman Jlennapaa—/Ixonca u ap. [lapameTpbl sMOUpPUUECKUX CO-
OTHOIICHUH MOJ0UPAIOTCS TaK, YTOOBI, 3HASI BCE MEXbSIEPHBIC PACCTOSHUS B KPU-
CTaJljie, MOXHO OBLJIO TOJYYUTh MPAaBHIBHOE 3HAYEHUE JHEPTrUU PEIIETKU KpH-
ctajuia. CUCTeMa aTOM-aTOM IOTEHLMAIOB MPEACTABIAET HHTEPEC U IIPU pacueTax
SHEPTrUU MOJIEKYJI, B TOM YUCJIE U MOJIUMEPHBIX. XOTS METOJ aTOM-aTOM IOTEHIIH-
aJI0B NIPUMEHAET IMITUPUYECKUE COOTHOIIEHHS JUI BENUYUHBI V;;, B IEJIOM OH SIB-

JSeTC TEOPETUUECKH HeIocTaTodHo obocHoBaHHBIM. M3 pabot [8,10] crnemyer,
YTO METOJI aTOM-aTOM IMOTEHIMAIOB NMPUMEHUM K JIFOOBIM XHMHUYECKHM CBSI3SIM,
c1a0bIM UM CUJIBHBIM. MBI TakKe CYUTaeM, YTO OH MOXET OBbITh MPUMEHEH U IS
pacdeToB reTepoda3HbIX - AAT€3UOHHBIX CUCTEM.

B nanHo# paboTe MBI paccMOTpENH TOJBKO MOJIEINb, B3aUMOJICUCTBUS CYyO-
CTpaTa U ajre3uBa OOYCIOBJICHHYIO UCKIIOUYUTEIBHO CHJIAMU MEKMOJIEKYIISIPHBIX
B3aNMOJICUCTBUN — clil BaH-nep-Baansca. beuio mosrydeHO BbIpaXKE€HHE, OTpaKka-
IOILEE 3aBUCUMOCTD CHJIBI MEXKMOJIEKYJISIPHOM CBSA3U JIByX MaKpOCKOIHUYECKUX MO-
JEKYISIPHBIX CUCTEM OT KOT€3MOHHOM IPOYHOCTU 3TUX CUCTEM.

B pa6orax [11,12] nmpuBeneHO BbIpakeHHE, CBSA3BIBABIIECE MOIYIb YIPYTo-
CTU mepexomgHoro cios E, ¢ monymsmu ceszyromero E,u Moayiem >KeCTKOro
HarojgHures E,:

E, a-1 E, a1
E,=E, +E, aE” abj" 2.1)
m m

rae o - Ko3QPUIMEeHT aJAre3nOHHOTO B3aWMMOJICHCTBUS, YIOBICTBOPSIOIMIMKN yCIIO-
BUio 0 < a < 1.

[TockonbKy ompeaeaeHue mapamerpa o CONpsHKEHO ¢ TEOPETUYECKUMU U IKC-
NEPUMEHTAJIBHBIMA TPYAHOCTSMH, B pab0OTe MPEANPHUHATA IOIMBITKA MOCTPOCHUS
MO/IEJIA, OTUCHIBAIOIICH MPOYHOCTh MEXKMOJICKYISIPHOU CBSI3M C TEOPETUUYECKU U
SKCIIEPHUMEHTAJIBHO OIpeIeIIEMbBIMH TTapaMeTPaMHU.
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[TorennmanbHasi SHEPrusi B3aUMOJACHUCTBUSL IBYX MOJIEKYJSPHBIX MAaKPOCKO-
MAYECKUX CUCTEM (BEIIECTB) MOXKET OBbITh 3amKcaHa B BUIIE CYMMBbI MapHBIX MEX-
MOJIEKYJISIPHBIX NOTEHIHANIOB [13,14]:

=0
(2.2)

rae Vi - noTeHumanbHas SHEPrHst B3aUMOJICUCTBUS (-1 U - MOJICKYJ Pa3HbIX CH-
CTEM.

B npubmmkennn OnmxalnxX cocefeil 3TO BbIpaXKEHHE MOXKET OBbITh 3aIlu-
caHo B Bujie [15]

E;; = NAZHB (3132]%3‘!12 (2.3)

I'me N, — uncno ABoranpo, Ny = 6,02 - 1023; z,, z, - uncna 6mmkalimx coceeit
MOJIEKYJIBI IEPBOTO M BTOPOI'O BELIECTB.

Ucnonb3yst mpubnuxeHue agauTUBHOCTH TapHBIX B3aumojencTBuil [16],
MOJIy4Ya€M BBIpaXEHUE JJISI MOTEHLIMAIBHON SHEPrUU B3aUMOJAECHCTBUS JIBYX pa3-
HOPOJHBIX MOJIEKYJI B IBOWHOW CUCTEME:

-
Viz = (V311h,) 72 (2.4)

rae Viq4 u Vo, - moTeHUHalbHbIE SHEPTUU B3aUMOJEHUCTBUS ABYX MOJIEKYJ B Kax-
JOM U3 IBYX CUCTEM.

[Ipy paBHOBECHOM OJHOOCHOM PACTSIKEHUU MEXMOJIEKYJSpHbIE CUJIbI Oy-
JIEM CUUTaTh LEHTpPaJbHbIMU. Pa3nokuMm MOTEHUUANbHBIE 3HEpruu V;; B psag mo
U3MEHEHUSIM MEXMOJIEKYISIPHBIX PACCTOSHHIA:

Vie(Ry(0)) +

9°V, 2 193V, 3
«f ARZ 1 {Rm“(m s 25

2 dR% (R =R;(0) 6 0R} \R; = R,;(0)

rae R; 0 - paBHOBECHOE MEXXMOJIEKYJIAIPHOE paccTosiuue; § = 1, 2.

Beenem koHctanThl K;; u f3;;, paBHbIE 3HAUYECHUSAM IMPOU3BOJHBIX B TOUKAX
PABHOBECHBIX MEXMOJICKYJISIPHBIX PACCTOAHUN. [I0CKONIBKY MOTEHIMAIBHBIE SHEP-
UM B3aUMOJICHCTBUS JBYX MOJIEKYIN SIBISIIOTCS SKCTPEMaJbHBIMU (YHKITUSIMH, TO
UX TEPBbIE MPOW3BOJHBIE, COOTBETCTBEHHO PABHBI HYJIO. byaem cuuTarh, 4TO
OCTaJbHbIC TIPOM3BOIHBIC TTOTCHIIMATBHON (QYyHKIUH V;; YIOBIETBOPSIOT CIETyIO-
IIUM YCIIOBUSIM:

aEVia’ s ”V:'z'(R:'z'(D})
e~ orz % RO

Rji=R;i(0)}

(2.6)
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aaviz' _CWM
aR3 T RiG0)

I S Ry;=Ry;(0)

ﬁii e

rae: K;; — «KeCTKOCThY» MEXMOJIEKYJISIPHOM CBSI3U KECTKOCTh, KOTOPAsl MpeCTaB-
JsieT OO0 CHIIOBYIO KOHCTaHTY CBSI3U. CMBICH 3TOM KOHCTAHTHI MOHSITEH B MPHU-
OJIMYKEHUU TapMOHUYECKOT0 OCUMIUIATOpA, KOrJa KojieOaHUE CBSI3M MOXKET OBITh
OIMCAHO YIIPYTO# CUJION, BhI3bIBatoNIel ee konebanus f;; = —K;;(R; — R;(0)), a
BenunHa AR;; = (R; — R;(0)) mpencraBiser co0oil aMIUIMTYy 3THX KoJieOa-
HU;
Pii - MOCTOSIHHAST aHTAPMOHUYHOCTH, YKa3bIBAIOIIAsi HA TO, B KAKOW CTETICHU MOJIe-
KyJISIpHasi CUCTEMa OTKJIOHSAETCS OT TapPMOHHYHOCTH. DTO OCOOEHHO XapaKTEpHO
JUTSl UTHTEHCUBHBIX KOJIeOaHUM, Tpu OOJBIINX KOJIEOATEIbHBIX KBAHTOBBIX YHCIIAX,
KOTI'JIa MOJIEKYJY YK€ HeJb3s paccCMaTpUBaTh KaK TapMOHMYECKHUI OCLUIUISITOP;
Cji, C]{' - Ge3spasmepHbIE KOHCTAHTHI, 3aBUCAILIME OT BHIOOPA THIA QYHKIMH I10-
TEHI[MATIOB MEKMOJIEKYJISIPHBIX B3aUMOCHCTBUM.

Huddepennupys Beipakenue (2.5) mo R;;, u yauTsiBasi 0003HAYEHUS, MIPHU-
HATBIC B ycouH (2.6), Ul CHIIBI MEXMOJICKYJISIPHON CBS3H f;;, TIOJYUYHUM CIICTYIO-
11ee BhIpaKeHHE:

1
fii = KiAR;; + E.BARL'ZL' (2.7)

MakcumalibHOE 3HAYE€HHE CHUJIbI JOCTUTAETCS MPH CMEIICHHUH, YJOBJIETBO-
PSIOIIEM YCIIOBHUIO:

dfii
=0 2.8
dAR;; 28)
OTKyJa ¢ yueToM (2.7) umeem:
ARTax = 1
N Bii
, (2.9)
max _ 3 i
N 2 Bi;

B cooTBeTcTBUUM € 3TUM MOKEM IMPHUHSATH, YTO NPOYHOCTh CBA3U MUICAIBHON
MOJIEKYJISIPHOM CUCTEMBI P OJHOOCHOM PABHOBECHOM PACTSKEHUHM B MPUOIU-
AKEHUU OJMKANUIIUX COCe/iell onpenensieTcsl BRIpaKeHHUEM

oy = Nifi (2.10)
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IJ€ N;; - YUCIO MEXMOJIEKYJSIPHBIX CBI3€H, MPUXOAALINXCS HA €QUHUILY IUIOLIA-
1Y, TIEPIICHIMKYJISIPHON HAIIpaBJICHUIO BHEIIHEN pacTarusaronien cuisbl. [loncras-
a5 (2.6) B (2.9) u (2.9) B (2.10), nonyuum 00001IEHHOE BbhIpa)KeHUE IJIS TPOUYHO-
CTU CBSI3U UICAIBHOU MOJIEKYJIAPHOU CUCTEMBI:

Jz' i

_ gni_ CHRAGAO) o1

! Cz:rz:” Riz’ (U)

VuuteiBas, uro AR « R; 0 , ¥ OrpaHUYMBasCh HYJIEBHIM YIEHOM B
pasnoxenuu (2.5), nmocie nojactaHoBku (2.11) B (2.4) nomydum 06001I€HHOE BBI-
pakeHue i NOTEHLUUAIbHON SHEPrUuu B3aUMOJEHCTBUS JBYX Pa3HOPOJIHBIX MO-
JIEKYJ B IBOMHOU CUCTEME:

i

:l.".-| 1r
3 R AR (Y e 0 ) 2 1/
I : Maitaz) 7 )Yz 2.12
12 2 nllngg Cir-.r1 ér.r (Jilgﬂz_} ( )

=]
F-

C apyroit croponsl, anamoruunoe (2.10) u (2.11) BeIpakeHHue MOXKEM 3aIu-
caTh JUIsl IPOYHOCTH CBSI3H JIByX MaKPOCKOITMYECKUX MOJIEKYJISIPHBIX CUCTEM

3 (C2)?Via(Ry(0)
P27 Y Ryp(0)

(2.13)

CpasuuBas (2.12) u (2.13), nosiydum BbIpa)K€HHUE JIJI1 IPOUYHOCTH MEKMOJIE-
KYJISIPHOM CBSI3H JIByX MAaKpPOCKOMUYECKUX MOJICKYISIPHBIX CUCTEM:

rrr iy 1/ n 1!2
ng  (GLGD 2 (€ (Ru(M) (R, (@)
(numy) 2 Gz GG R1,(0)

1/
(03105,) 2 (2.14)

Ecian npuHATH, 4TO YMCIO MEXKMOJIEKYISIPHBIX CBSI3€U, MPUXOASIINXCS HA
EAVHUITY TUTOIIAJAHN aAre3MOHHOTO KOHTAKTa, HE U3MEHSETCS TPU U3MEHEHHUH CyO-
cTpaTa M aJre3uBa, a TEOMETPHs UX KOHTAKTa TaK)KE€ OCTAETCS HEU3MEHHOM, TO TMO-
CTOSIHHBIC WJICHBI B ypaBHEHHH (2.14) MOXHO 00BETUHUTH B OJIHY KOHCTAHTY:

FEE e l'rr. rn 1-';2
_ LY (C11G55) 72 (C15)? (Ru(m)(Rzz (D))
!:ﬂnnqzjl’;z Cis Lz G35 R,,(0)

V12 (2.16)

JlaHHYI0 KOHCTaHTYy MOXHO Ha3BaTh KO3 duiueHToM 3PpHEeKTUBHOCTH aj-
r€3MOHHOI0 B3aMMOJICUCTBUS aare3uBa u cyocrpara. OH 3aBUCHUT OT MPUPOJIbI 00-
pasyroleiics CBA3M aAre3uB-cyOCTpaT, KOJIMYECTBA CBA3CH, HA €IMHUIE MOBEPX-
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HOCTH KOHTAaKTa MEXJy CyOCTpaTOM M aJre3uBOM U F€OMETPHsI KOHTAKTa MEXKIY
MOJIEKyJIaMU ajare3uBa U cyoctpata. KocBeHHBIM 00pa3oM 3Ta KOHCTaHTa COJEP-
KUT UHPOpPMALIMIO O MPUPOJAE B3aUMOACHCTBUS MOJIEKYJSPHBIX CUCTEM, HO U O
T€OMETPUM ITOTO KOHTAKTA, SBJIAIOLIETOCS OCHOBOM MEXaHMYECKOM TEOPHM aare-
3u. OTCro]a MOJYyYHM YIIPOIIEHHOE BBIPAXKEHUE ISl IPOYHOCTH MEKMOJIEKYIISP-
HOM CBSA3U JBYX MAaKpOCKOIMYECKUX MOJIEKYJISIPHBIX CUCTEM:

1/,
017 = V12(07105,) /2 (2.17)

B caywae eciu mpupoga MEXMOJIEKYJIIPHBIX B3aUMOJICMCTBUI B MOJIEKY-
JISIPHBIX CUCTEMAX M Ha TPAHUIIE pa3jesia MeXKAy HUMU OJUHAKOBA, MOJIOKUM

CII o
11 — 22 — “12 (2 18)
" _ e e '

Cll - CZZ - ClZ

Ecmmu B cuctemax PCATNIYIOTCA TOJIBKO cia0bIie BaH-)ICp-BaaHBCOBBIe B3aHn-
MO,HGﬁCTBPISI, MOZKEM IIOJIOKUTH

R,,(0) + R,,(0)

: (2.19)

Rlﬂ (U) =

Takum O6p330M, B CJIy4ac€ HIACAJIBHBIX MOJCKYJIPHBIX CUCTCM, B KOTOPBIX
PCAINIYIOTCA TOJIBKO cia0ble BaH-Hep-BaaHBCOBBIG B3aHMOII€fICTBHH, N UMCIOIIINX

L ™
OJNM3KYI0 T€OMETPHIO R11(0) = R55(0). 211 = 223y ponpiv MOJIEKYJIAPHBIM
KOHTAKTOM Ha TpaHuLe pasjeia (as, JUIs aare3HOHHON IIPOYHOCTH MMEEM BhIPa-
JKEHHE CIIeyIOIEro BUa

1/
012 = (0410,,) 72 (2.20)

C ydeToM CKa3aHHOTO BBIIIE, aHAIU3 ypaBHEHHUsS (2.16) mokas3biBaeT, 4ToO
Y12 = 1 ans upeanbHbIX MOJIEKYJISIPHBIX CHCTEM C OJJMHAKOBOM I'€OMETPUEH, U €C-
¥ B CHUCTEMax peamu3yloTcsl TOJIbKO ciabbie BaH-mep-BaanbcoBbie B3ammoeii-
ctBusi. Ecnu Ha cinabeie Ban-nep-BaanbcoBbie B3aMMOAEHCTBUS HAKIIAIbIBAIOTCS
OoJbIIMe OTKIOHEHHs] B TEOMETPUU aJre3nBa W cyOcTpaTa, WIM JOMOTHUTEIHHO
UMEIOTCS OOJNBIIINE PA3NUYMs B UX XUMHYECKUX CBOMCTBAaX, Torna ¥, < 1. Ecin
e B 00pa30BaHUM aJre3MOHHOTO KOHTAaKTa y4acTBYIOT HE TOJIBKO ciabbie BaH-
nep-BaanbcoBble B3aMMOAEHUCTBUS, HO U NMPUCYTCTBYIOT BOJOPOJHBIE, HOHHBIE U
KOBAJICHTHBIEC CBSA3U, TOTAA Y1, > 1. Pe3ynbrathl ananuza ypaBHenus (2.17), mis
OTHOCUTEJIBHBIX BEJIWYMH MPOYHOCTH AJr€3MOHHOTO KOHTAKTA U KOTE€3MOHHOU
POYHOCTH aJIre3MBa U CyOCTparTa npe/icTaBieHbl Ha puc. 1.

[lepBble Tpu cxembl Ha puc. 1 u300paxkarOT U30JWHUM OTHOCUTEIHHOU
MIPOYHOCTU AAT€3MOHHOTO KOHTAKTa 07, JUJIS Pa3fIMYHBIX 3HAYEHU Kor(PuumeH-
TOM 3G (PEKTUBHOCTH aAT€3MOHHOTO B3aUMOJEHUCTBUS V;,. JlaHHBIE 3aBUCHMOCTHU

MMO3BOJIAIOT CACTIATh OLUCHKY IIPOYHOCTH aAT'C3MOHHOI'O KOHTAKTA, 3HAsd BCIMYHHLBI
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KOI'€3MOHHOM NPOYHOCTH aare3nBa U cyOcTpaTa, NpHU M3BECTHOM XapaKTepe HX
MEKMOJIEKYJIIPHOTO B3aUMOJEUCTBUA. TarkKe BO3MOXKHO M3 MMEIOIIUXCSA JKCIIe-
PUMEHTAJIBHBIX JAHHBIX 110 POYHOCTU aAr€3MOHHOTO KOHTAKTa OLIEHUTh XapaKTep
MEXMOJIEKYJIIPHOTO B3aUMOJEHCTBUS MEXKy aIF€3UBOM U CyOCTpaTOM.

2.0 1 5‘ | 1 1 [\ \ |

2.0

1i1z=1.00

L i
LRI 0.5 1.0 1.5 20 0.0 0.5

2.0 s
L5 i lnl \ oy //’
¥y
\ 1.5 ,./-/ e
! —
oo b 050 - —o00
&'1.0 —0.75 e o —1.00
—1.00 1.0 Ll =
1.25 3 1.50
s / -
0.5 1.50 v L
0.5 / —_—
! p—
III "/‘_'-'—
0.0 ! l | 0.0 - . : !
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0

Puc. 1. Omnocumenvhvle eruyuHbl NPOYHOCMU A02E3UOHHO20 KOHMAKMA 015 NPU PA3TUYHOU
OMHOCUMENbHOU KO2e3UOHHOU NPOYHOCIU adee3usa (011) u cyocmpama (0,,), 015 pa3iudHbLX
cyuaes enuyunbl K03 puyuenmom s¢hghexmusnocmu a02e3uOHHO20 3AUMOOEUCBUS Yy .
Ha ocHoBe BhIIIE H3JIOKCHHOI'0O, Mbl UMCCM BBIPAKCHUC, OTPAKAKOIICC 34a-

BUCUMOCTDb CHIJIBI MC)KMOJICKYJISIpHOfI CBA3U ABYX MAKPOCKOITMYCCKHUX MOJICKYJIIAP-
HBIX CUCTEM OT KOT'€3MOHHOM IMPOYHOCTHU 3TUX CUCTCM.

3. IIpoYHOCTH AJAre3HOHHBIX COCIUHEHUI HA OCHOBE
AMCHEPCHBIX CUCTEM

PaccmoTpenHbIe BhIIE COOOpaXKEHUS MBI TOTBITAIMCH MIEPEHECTH CIIOKHBIC
MHOTOKOMITOHEHTHBIE CUCTEMBI, KOTOPBIC U MPEACTABISIOT COO0N peabHbIe KOM-
MO3UIIMOHHBIE MaTepHuaibl. OCHOBHBIM HEJOCTATKOM MPEIJIOKEHHBIX KOHIECITUN
SIBJISIETCSL TO, YTO OHU OIHUCHIBAIOT, B OCHOBHOM B3aMMOJICCTBHUE ABYX OJHOKOM-
MIOHEHTHBIX MaTepuaioB. B Toxxe BpeMs pealibHble MaTEpHasbl - 3T0 MHOT'OKOM-
TTOHEHTHBIE KOMITO3UITUH.

Hamnpumep, HeKOTOpbIC MPOMBIIIUICHHBIC PE3WHONOA00HBIE MaTEepHaIbl CO-
nepxat 10 17-20 komnoHeHToB [17]. B aTol cBS31M BO3HUKAET HACYIIHAas HEOOXO-
JMMOCTh pa3pad0TKH HayYHBIX OCHOB CO3/IaHUS aJIN€3MOHHBIX COCIMHEHUM Ha OcC-
HOBE MHOTOKOMIIOHEHTHBIX MaTepualioB. B manHOW pabore ObLIa mpeampHHSTA
MTONBITKA Pa3pabOTKH OOIEH METOMO0JOTHH (PEHOMEHOJIOTHYECKOTO OIUCAHUS TI0-
BEJICHUS MOJIOOHBIX CHCTEM, B 3aBUCHMOCTH OT JACHCTBHUS Pa3IUYHBIX BHEIIHUX U
BHYTpEeHHUX (HaKkTOpOB. Takoi MoaxX01 MOKHO HA3bIBATh CTPYKTYPHBIM.
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PaccmoTpum B KauecTBe MpuMepa aAre3MOHHOTO COEIUHEHHS (PparMeHT
KOHCTPYKIIMM Ha OCHOBE CJIOMCTOTO KOMIIO3UTA, KOTOPBIA MpeAcTaBisieT coOoM
Ha0Op CIOEB W3 Pa3HOPOIHBIX MHOTOKOMIIOHEHTHBIX MaTEpHajoB, CBA3aHHBIX
Mexay coboit (Puc. 2). Jlns mpoBeneHUs: aHAIU3a MBICIEHHO BBIPEXKEM HEOOJb-
IIIOM 3JIEMEHT, COCTOSIIMM U3 YacTu cjos 1 u yactu cios 2. O4eBUIHO, A ATOTO
aJeMeHTa npu AeHOpPMUPOBAHUU TTOJOOHOTO KOMIIO3UTA JO MOMEHTA pa3pyIlIeHUs
OyJeT COXpaHIThCA YCJIOBUE OJHOPOJHOCTH HANPSKEHUMW, HAMpPaBICHHBIX MeEp-
NEHIUKYIIpHO ocu Z. Takoe COCTOsSHUE MPUHATO paccMaTPUBATh KaK HcalbHOE
anare3noHHoe coeauHenue [18,20].

Puc. 2. chaeMeHm KOHCMPYKYUU Ha OCHOB8e CIoUCnmoco Komnosuma u
ajlemenmaproe aoze3uoHHoe coeOuHeHue.

NneanbHoe aare3noHHOE COEAMHEHHE - 3TO TaKOE COEIMHEHUE, KOTOPOE MpHU
TIOOBIX BUAAX HATPYKEHHS pa3pylIaeTcss KOT€3HMOHHO IO OJHOMY U3 DIIEMEHTOB
aJare3uoHHOro 1IBa (cioto 1 unu cioro 2). PazpylieHue seMeHTapHOro aire3noH-
HOT'O COEJIMHEHUS 3a MpeesiaMH TPAaHUIbl KOHTAKTa HUYEM HE OTIMYAETCs OT pas3-
pylieHus 0OBIYHOTO TOMOTEHHOTO TBepAoro Tena. CieaoBaTenbHo, uacalbHOe al-
re3MOHHOE COoeMHEHuEe 00pa3zyeTcsi KOorjaa, KOorja B3auMOJICHCTBHE Ha IMEpBOHA-
YJaJIbHOW TpaHUIle KOHTaKTa OOJIbIIEe WM PABHO B3aUMOJICHCTBUIO BHYTPHU OJHOTO
U3 3JIEMEHTOB a/IF€3UBHOTO I1IBA.

MaremaTH4eCcKy 3TO MOKHO 3aIMCATh CIEAYIOMIUM 00pa3oM:

a 0, <<
1 _ 1r 1 2
gCG']‘l']‘l - {JEJ 0-1 = Jg (21)

T1€ Oponn> 01, Oz - IPOYHOCTH COCTUHEHUS, aJre3uBa U CyoCTpaTa COOTBETCTBEH-
HO.

Teneps, Koraa Mbl UMEEM MOJENb UACATBHOTO aIN€3MOHHOTO COEAUHEHUS,
MOXHO TONBITAThCS BBISIBUTH OCHOBHBIE 3aKOHOMEPHOCTH €ro MOBEJICHUS TpPU
JNEUCTBUM PA3JIMYHbIX BHEIIHUX U BHYTPEHHUX (pakTopoB. [[ns Havama B KauecTBe
MpuMepa pacCMOTPUM HU3MEHEHHE MPOYHOCTU AT€3MOHHBIX COCAMHEHUN OT BO3-
JEUCTBHS BHEIIHUX (DAKTOPOB (TeMIepaTypbl, JaBICHUSI, BIAXKHOCTH U T.11.).
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[TycTh umeeTcs 0OJIBIION MAaCCUB UJI€ANIbHBIX aJIT€3MOHHBIX COCIMHEHUIN Ha
OCHOBE 0JIHOTO cyoOcTpata (S;) u ogHoro aare3usa (A;). OTOT MaCCUB COCTMHEHUMN

MO>KHO pa30UTh Ha TPYNIbl U ONMPEACIUTD I KKI0M U3 HUX CpeHee pa3pylia-

Iollee HaNpsHKEHKE, HApuMep Hpu oTpeise A2 B 3aBHUCHUMOCTH OT paccMmart-
puBaemoro (aktopa. [Ipu 3TOM, eciu HaM U3BECTEH 3aKOH U3MEHEHUS MPOYHOCTH

aJre3uBa M CyOCcTpaTa OT BO3/ICHCTBUS paccMaTpruBaeMoro (akropa

a; = fi(x) (22)

7, = fo(x) (23)

TO TOT/Ia B COOTBETCTBHUH C ycioBueM (1) MOKHO cKa3aTh, YTO MPOYHOCTH COCIU-
HeHus Ha yuacTke X < X] u X > X5 Oynmer paBHa NMPOYHOCTH aJre3uWBa, a Ha
yuactke X; < X < X, OyJer paBHa nMpoYHOCTH cyOcTpaTta (Wi Haobopot). B ka-
4eCcTBE WILTIOCTPAIMHA TPOJAEMOHCTPUPYEM 3aBHUCHMOCTh KAa4eCTBEHHOTO XOJa
KPUBOW MPOYHOCTU COSAUHEHHS OT X, TIPEICTABICHHYIO Ha pUC. 3.

- -
- Y
-

conn i

0.00

0 X, X X

Puc. 3. Kauecmeennwiii x00 Kpugou 3a8UCUMOCMU CPEOHE20 PA3PYUAIOUe20 HANPSINCEHUsL
aoee3uonno2o coedutnenus (1), aoeezusa (2) u cyocmpama (3) om enewne2o gpakmopa X.

[Ipn 3aMeHe M3yyaeMOW XapaKTEPUCTUKHU MPOYHOCTU aJAT€3MOHHOIO COEH-
HEHUS Ha JPyTrHe MOKa3aTesd, HAIPUMEpP AOJTOBEYHOCTbH, BBIHOCIMBOCTh U T.IL.,
XapaKkTep 3aBUCHMOCTH MOXKET W3MEHHUTHCS, OJHAKO OH, B JIOOOM citydae, OyaeT
00yCJIOBJIE€H KOHKYPUPYIOIIUMHU U3MEHEHUSIMHU IPOYHOCTH aJIre€3uBa U cyOCcTpara B
3aBUCUMOCTH OT HM3y4aeMoro ¢akrtopa (TeMIeparypbl, JaBICHUS, BIAXHOCTU U

T.J1.).
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IIpocnenum 3a TeM, Kak U3MEHSETCS CpeHEE pa3pylIArOIIee HaIpsSKCHUE
101 BO3JEHCTBUEM BHYTPEHHETO CTPYKTYPHOro (hakTopa OAHOTO U3 KOMIIOHEHTOB
aJre3rOHHOM CUCTEMBI. B KauecTBe NmpuMepa pacCMOTPHUM aAre3uB IPHU ONpEre-
J€HHOM, (PMKCUPOBAaHHOM BHJI€ HarpyxeHus. [1onoxum, 4To Mbl UMeeM OOJIBIION
MacCHUB UJCaIbHBIX aIr€3MOHHBIX COEIMHEHUI HA OCHOBE OJIHOTO cyOcTpaTa S; u
Pa3JINYHBIX aAT€3UBOB:

Ay Ay A Ay Ay (24)

[Ipu 5TOM MOXHO TOJNaratTh, 4YT0 MPOYHOCTH AJTre3UBa U3MEHSATHCS OT JICH-
CTBUS TOJBKO OJHOTO BHYTpeHHero (aktopa X. Hampumep, Takum pakropom mo-
KET SBJISITHCS MPUPOJIa OJUTOMEPOB, CIIMBAIOIIMX areHTOB, HAIMOJHUTENCH, Iia-
ctuuKaTopoB u T.J. B 3TOM ciiyuae mpu npoBEIEHUN UCIIBITAHUNM CHayajaa HeoO-
XOJIMMO TOCTPOUTh 3aBUCHUMOCTH TMPOYHOCTH aJre3uBa OT PacCMaTPUBAEMOIO
dakTopa

0; = @1 (X) (25)

" 3aTEM ITOCTPOUTH 3aBUCUMOCTD ITPOYHOCTH COG,Z]I/IHGHI/Iﬁ OT 3TOTO (I)aKTOPa:

Feonn = P2 (X) (26)

OdeBUAHO, MOTyUYEHHAs 3aBUCUMOCTH OyIET aHaJIOrM4Ha KpUBOM, M300pa-
KEHHOH Ha pHUC. 2, TOCKOJIBKY OYIET BBITIOIHATHCS ycioBue (21).

310 00CTOSATENHCTBO MO3BOJISIET HAM MOCTPOUTH 00OOIIEHHYIO KPUBYIO 3a-
BUCHUMOCTH CPEIHEW MPOYHOCTH aJIr€3UOHHBIX COCAWHEHUN OT CPEIHEU MPOYHO-
CTU OJIHOTO U3 KOMIIOHEHTOB a/IF€3MOHHON CUCTEMBI (B JAHHOM CIlly4ae OT MpOU-
HOCTU aare3uBa). Jljis 3T0ro HE0OXOAMMO MOCTPOUTH PSifl, B KOTOPOM MPOYHOCTH
OPEABIIYIIETO aAre3uBa MEHBIIE MPOYHOCTU MOCIEAYIOIIET0 aare3uBa (MHIEKC

CBEpXY):
Ell:ﬂ - Eélj < 5;1] o {5}(1] B e S0 5’]‘5"‘3] 27)

(He3aBUCHUMO OT paccMarpuBaeMoro (akropa X). AHAIOTMYHBIM 00pPa30M MOXKHO
OCTPOUTD U PAJl U3MEHEHUS IPOYHOCTHU aJIF€3UOHHBIX COEAUHEHUN

—COTR —CONNn — COTLT - —CONN —CONRN
Jl {Jz {JE ‘:q e {G} {: P :::. G-'m (28)
IIPH COMTOCTABJICHUH 3THX JABYX PSAOB MOKET OBITh MOJTydeHa 0000IIeHHAas KpUBas
VU3MEHEHUSI NMPOYHOCTU AATE€3UOHHBIX COEJWHEHUN OT BO3ACHCTBUS BHYTPEHHHUX
¢dakTopoB. Ha puc. 4 npuBeieH KaueCTBEHHbBIN X0/1 MOTy4aeMOU 3aBUCUMOCTH.
[To-BuguMoOMy, B psily aAre3uBOB OYJIyT MPUCYTCTBOBAThH aJTr€3UBBI, MPOU-

HOCTb KOTOPBIX On3Ka K HYJIIO (Jl = , 1 COOTBCTCTBCHHO 6y,HYT AaATrC31MOHHBIC
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COCIMHEHUS C MPOYHOCTHIO, OJIU3KOU K HYMIO (O.0nn = 0). Ilo Mepe yBenuueHus
MPOYHOCTH AJre3MBOB OYyJIeT MNPSAMO MNPONOPLHMOHATIBHO YBEJIWYUBATHCS MPOU-
HOCTb aJIF€3MOHHBIX COEJIMHEHMI, IMOKa OHA HE JOCTUTHET YPOBHs, HA KOTOPOM
NPOYHOCTh aJre3uBa M CyOcTpara CpaBHAOTCA (0, = 0y). [lanee 3Ta 3aBUCHMOCTD
NOJIeT mapaJlyIeIbHO OCH abCIHcCC.

AHanu3upys IOJYYEHHYIO 3aBUCHUMOCTb, MOKHO BBIIEIHUTH MATh 30H. [lep-
Bas 30HA XapakTepHa sl aJAr€3HMOHHBIX COEJAMHEHHH ¢ MPOYHOCTHIO, MPUOJIN3HU-
TEJIbHO PaBHOW HYJIIO. TakoW TUIl COEAWHEHHN MO>KHO HA3BATh AHTUKOMITIO3UIIHU-
OHHBIMU HJI€AJIbHBIMU aIF€3MOHHBIM COEMHEHUsAMH. BTOpas 30Ha COOTBETCTBYET
aJIr€3MOHHBIM COEMHEHUSIM, B KOTOPBIX IPOYHOCTh aJre3MBa MEHBIIIE TPOYHOCTH
cyOctpata. B TpeTheil 30He MPOYHOCTH AATre€3UBa CTAHOBUTCS MPUOIU3UTEIHHO
paBHOI MpPOYHOCTH cyOCcTpaTa. DTOT TUN AJAr€3MOHHBIX COCIMHEHUNW MOXHO CUM-
TaTh UJCANbHBIM aJr€3MOHHBIMU COeAMHEHUsIM. UeTBepTas U msATas 30HbI Xapak-
TEPHBI JUIsI aJAr€3MOHHBIX COEJMHEHUN Ha OCHOBE BBICOKONPOYHBIX aATr€3UBOB.
[Ipuyem B mocienHeM ciydyae CHOBA MOSABISIOTCS aHTUKOMITO3UIIMOHHBIE UJ1€alb-
HbIE aJIT€3MOHHBIE COCAMHEHUS, TOCKOIIBKY 07 >> 0.

[Tpu 3amene onHorO cybcTparta S; Ha Ipyroit S,, xapakrep 0000IIEeHHOH 3a-
BucuMocTH (puc. 3) ne usmenurcs. [Ipu s3tom 30na I OyneT cmemarbest BIpaBo
WIH BJIEBO U, COOTBETCTBEHHO, MaKCUMaJIbHAs CPEIHSSI MPOYHOCTh COSAUHEHUH -
YBEJIMUMBATHCS WM CHUXKATHCA B 3aBUCUMOCTH OT MpoyHocTH cyOctpata. Ilpu
ATOM XOYeTCs 0Cc000 MOAYEPKHYTh, UTO Takas cHCTeMa 00JiaJlaeT CBOMCTBOM
ONpEIEICHHOW CUMMETPUH.

U—T:mm

[11 IV L'

0

0 5*1 o |

Puc. 4. Kauecmeennwiii x00 060061eHHOU 3a8UCUMOCIIU USMEHEHUS CPEOHe20 PA3PYULAIOUe20

HANPANCEHUA A02e3UOHHO20 COCOUHEHUS OM cpec)Hezo paspyuiarouieco HanpAMICeHUus aoeesusa.
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CuMMeTpus 3aKII04aeTcss B TOM, YTO XapakTep 0000IIEHHON 3aBHCHUMOCTHU
HE M3MEHHTCS M IPU 3aMEHE HTOT0 MAacCHBa MACATbHBIX aATe3HMOHHBIX COEIIUHE-
HUI OHOTO cyOcTpara, HA MacCHB HI€aJbHBIX aJT€3MOHHBIX COCIWHEHUN Ha OcC-
HOBE OJTHOTO a/ire3uBa A, U pa3IMYHbIX CyOCTPaTOB:

S, Sy, S3, . Siy e Sp (29)

Takum 06pa30M, JaHHBIC MOJICIIBHBIC TIPCACTABIICHUA ITO3BOJIAIOT HAKE B
caMOM HpOCTCﬁLHCM BAPHUAHTC AHAJIM3UPOBATH IMOBCIACHUC AATC3MOHHBIX CUCTCM,
KaK B Ipoliecce ux (popMupoBaHus, TaK U B IpoLecce IKCIUTyaTauuu. Takoi aHa-
JIN3 MMO3BOJISICT OTACIIATDH INIAaBHBIC YCPTHI paCCMATPUBACMOI'O ABJICHUA OT BJIHAHUA
BTOPOCTCIICHHBIX q)aKTOPOB. bonee TOr'o, MOABIIACTCA BO3MOXHOCTb HU3YUCHUSA
BJIIMAHUA PA3JIUIHBIX CTPYKTYPHBIX W3MEHEHHUH aJIre3uBa U cy6CTpaTa Ha Mpo4-
HOCTBb aJII'C3MOHHBIX COC)II/IHCHI/Ifl.

TeMm He MCHCC, HCCMOTPA HA 3TU NMPUHIOUIIUAIIBHBIC BBIBOJAbI, BOIIPOC O J0O-
CTHKCHHUU COOTBCTCTBUA PCAJIbHBIX aAIC3MOHHBIX COC)II/IHGHHI;'I nacaJIbHBIM OCTa-
CTCA IMOKa OTKPBITHIM. JIJISI YCTPAHCHUA 3TOTI'O Hp06ena MNpCaAJIOKCHO ABa MCTOA
OLCHKH CTCIICHH OTKJIOHCHUA OT MICAJIBbHOCTH.

HepBBIﬁ MCTOJ MOKCT COCTOATH B BLIYHMCIICHUU TAaK HA3bBIBACMOT'O M30BITKA
N3MCHCHUA IIPOYHOCTH COCAMHCHHA - PASHOCTU MCIKAY IMPOYHOCTHIO PCAJIBHOT'O
AJITC3UOHHOTO COCAMHCHHA U ITPOYHOCTHIO IIPH O6p330BaHI/II/I HNACAJIbHOTO aArc3u-
OHHOT'O COCIMHCHMAA

id (30)

_ ~re
Ao-conn_o-conn Oconn

r7ie UHACKCHI e U [d 0003Ha4al0T peanbHOe U UJeaIbHOE aATr€3MOHHbBIE COSTUHE-
HUSI COOTBETCTBEHHO, WJIM, B COOTBETCTBUM C yciaoBueM (21)
T 0; < 0
A= ot = G
Oconn T3, 0y a;

Bropoii MeTon 3akiro4aeTcs B y4eTe CTENEHU OTKJIOHEHHS MPOYHOCTH pe-
AIBHOTO aJIT€3MOHHOTO COSTUHEHUS OT MPOYHOCTH ITOTO K€ COSAMHEHHUS, €CIIU OBl
OHO OBLIIO UICATEHBIM
— 4
JCGHH

Tid
O conn

K= (32)

WJIU, B COOTBETCTBUHU C yclioBHeM (21)
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re
Jlﬂ ann

5 ] 51 = 52

1

E=1 2 (33)
conn — -
8, ] Jl = JZ
0

MOJIy4eHHBIH KO3 (UITMEHT MOXKHO Ha3bIBaTh MO-PAa3HOMY: MOMPABOYHBIM KO-
¢unuenToM, Ko3(hPUIMEHTOM HECOOTBETCTBUS M Jaxe KO3(P(PUIUEHTOM Tpeliu-
HOCTOMKOCTU. B JaHHOM cilyyae 1O aHaJIOTMM C TEPMHUHOJIOTHEH, NMPUHATOU IJIA
KOMITO3UIIMOHHBIX MatepuanoB [19], HazoBeM ero kodppuuueHToOM peanusainuu
NPOYHOCTH aAT€3UOHHBIX COCIMHEHUN.

N30bITOK TPOYHOCTH M KO3 (ULHUEHT peaanu3aluy MPOYHOCTH aATre3UBHBIX
coelMHEeHUs (HAaKTHUYECKU SBISIOTCS KPUTEPHUSIMU MPOUYHOCTHBIX CBOWCTB MaTepHa-
Ja, ¥ PEACTABISIIOT CO00M (QYHKIMU OTKIMKA Pa3TUYHbIX IEPEMEHHBIX:

Ao = @](Z],Zg,...ZA) (34)
K= @2(21,22,...2,4) (35)

JlaHHas MoCcTaHOBKA MPOOJIEMbI MPOYHOCTH aJIN€3MOHHBIX COCTMHEHUH M0 1-
XOJIWT B TOM YHUCJE WU JJI aAT€3MOHHBIX COEIMHEHUH HA OCHOBE MHOI'OKOMIIO-
HEHTHBIX MaTepuasioB. [I0AToOMy OCHOBHOM 3ajadeil ABISIETCS MOUCK MPUYUH, BbI-
3bIBAIOLIMX MAKCUMAaJbHbBIE OTKJIOHEHHS IMOBEJICHHS PEAbHBIX aJAT€3HOHHBIX CO-
€AMHEHUI OT HJealbHBIX. B 4acTHOCTH, TaKOW MOMCK CBOIUTCS K OOHAPYKEHUIO
OJIHOM U3 MEPEMEHHBIX Z;, KOTOpasi OYJEeT YIOBIETBOPATH YCIOBUIO MAaKCUMyMa €e
YaCTHOM MPOU3BOJHON MO UICKOMOMY MapaMeTpy:

(aaa) 0@,
T = M4ax
dz; | 1SisA dz; (36)
(6‘!{) B dd,
9z,) T~ isiza 0z, (37)

max

[Ipr 3TOM OYEBHIHO, YTO OTPHULATEIBHOE OTKIOHEHHE OT HJICAIbHOCTHU
(Ac < 0,K > 1) moxeTr yka3plBaTh Ha MPHUYUHBI, BBI3BIBAIONINE OCIAOJICHHUE pe-
aJBHOTO aAr€3UOHHOTO MBA. [Ipr 3TOM HY)KHO UMETH B BUAY, YTO MOJIOKUTEIBHOE
OTKJIOHEeHuEe oT uaeanbHocTu (Ao > 0,K > 1) Toke He SABISAETCS OJHO3HAYHOU
IIPUYMHOW, BBI3BIBAIOLIEN €r0 yCUJIEHHE. ECTECTBEHHO, OINpENEIICHHBI HHTEPEC
MOTYT NPEACTABIISITh U aAITC3UOHHBIE COEITMHEHNSI C MUHUMAJIbHBIM OTKJIOHEHHEM
ot uneanbHoct (Ao = 0,K = 1).
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(9]

9

A —

B —

¥
a) F b)

i Y 5
T =Ty

Puc. 5. Dnemenmui a02e3uonno2o coeounenus Ha 0CHO6e CLOUCIO20 cy6cmpama.‘
1, 2 cnou; A, B — muxpociou

B kadecTBe WILTIOCTpAIlUU 3THX OCHOBHBIX IMOJIOKEHHN PACCMOTPUM 3aBH-
CUMOCTH Pa3pyLIAOIIET0 HAMPSHKEHUST OT CTPYKTYPBI OJTHOTO U3 KOMIIOHEHTOB a/1-
Te3MOHHOTO coeauHeHus. [Ipu 3ToM HEoOXOAMMO HAKIaJbIBaTh OTPAHUYCHUE B
BU/JIC HAIMYHS TOJIBKO OMPEICICHHOT0 BHUJla Harpy>keHus. B kauecTBe Mojenu aj-
T€3MOHHOTO COCIMHEHUSI CHOBA PACCMOTPHM CJIOMCTBIA KOMITO3UT M BBIPEKEM W3
HEro 3JIEMEHT, COCTOSIINN U3 YacTH cyios 1 u gactu cios 2 (Puc. 5).

[IpencraBum, 4To cioit 2 (CyOCTpaT) COCTOUT M3 TOHKUX MUKpociioeB A u B
C OpHEeHTAIlMeH JI1 Havaia B INIOCKOCTH X U Y (pUCYHOK 5, a). [TomoGHbIe cutya-
IIUU JIOBOJILHO 4YacTo HabronaroTcs Ha mpakTtuke. Hampumep, cydbcTtpaT cocTout
U3 OCHOBHOM Macchl MaTepuana (MUKpociaoi B) u okuciIeHHOro ciiosi (MUKPOCTIOs
A). B cooTBeTCTBHM C MPUHATON MOENBIO CIa00T0 3Be€Ha MPOYHOCTh ATOM CUCTE-
MBI OYJIET OTIPEACIISTHCS CASAYIONTUM 00Pa3oM:

Ty, Oy < 04,05,014,0,5
Oconn = Up, Op = 01,04,014,945 (38)

014 014 < 04,04,05,0,45

YT O4p < 01,04,05,014

rac
o _ C—rl 3 Hj_, Ji ﬁ': JA 39
14 JA 3 KAJ JA ‘:: Jl ( )
o gy - Ky, G4 < Og

AB JEI % KE'J JEI {: JA (40)

K, K>, K5, Kp- k03bPUIIMEHT peaau3aiii MpOYHOCTH.
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AHanu3 MoJy4eHHOTO BBIPAXKEHUS YKa3bIBa€T HA TO, YTO MOAUDUKAIIUS T10-
BEPXHOCTHU OJHOTO U3 KOMIIOHEHTOB aJAT€3UOHHONW CUCTEMBI NIO3BOJISIET PETYJIUPO-
BATh NPOYHOCTH BCEW aAr€3MOHHOW CHUCTEeMBbI. Tak, BO3MOKHA CUTyalus, KOrjaa
MIPOYHOCTh CUCTEMBI 10 Havasla MOJU(UKAIIMN MOBEPXHOCTH cosi 1 (MiIu MUKpO-
ci0si A) TUMUTHPOBAJIACH TPOUYHOCTHIO CIEIJICHUS 3TUX CJIOEB, 3aTO MOCIE €€ MO-
TUudUKAIUA IPOYHOCTh CUCTEMbI TUMUTHUPYETCSI IPOUYHOCTHIO CIEIJICHHs Ha Tpa-
HUIIe KOHTakTa MUKpocioeB A u B. Hakonern, nocie Mogudukanuu moBepxXHOCTH
MUKpPOCI0€B A U B, 0OHa TMMUTHPYIOTCS IPOYHOCTHIO MUKpOcos A unu B. Takum
00pa3oM, BO3MOXKHO CYIIECTBOBAHHWE KAKOr0-TO MPEJAEIbHOTO KPUTHUYECKOTO KO-
s uirenTa peain3alui MPOYHOCTH, O KOTOPOrO MPOYHOCTH CUCTEMbI BO3pac-
TaeT JIMHEHHO, a IOCJIE €r0 JOCTHXKCHUS OCTACTCS HEM3MEHHOM.

B kadecTBe BTOpOro nmpumepa pacCMOTPUM HACAIBHOE aJIT€3UOHHOE COEIU-
HEHUE C OpUEHTaIMed MHUKpocioeB Mo ocu Z. Iloo0HbIE CUTyalluu TakXke J0-
BOJIbBHO 4aCTO BCTPEYAOTCS HA MPAKTUKE, HAPUMEP, B CIydasX, KOrJa MOBEPX-
HOCTh CyOCTpaTa MOXET JIOKaJIbHO COPOMPOBATh KAaKME-TO BEIIECTBA U3 OKpPYXKa-
IolIen cpeabl. Eciay it 3TOro ¢iiosi BBECTH JONMYIICHUS O JIMHEMHOW aiJUTHBHO-
CTH MPOYHOCTHBIX XapaKTEPUCTUK MaTepuasa cjios 2, TO B COOTBETCTBUHU C MPUHSI-
TOW MOJIETIbIO ¢J1Ia00T0 3BE€HA MIPOYHOCTH ATOM CUCTEMBI OYACT ONpPEeesaThCS Cle-
TYIOIITUM 00pa3oMm:

— = -4 =F =4 =F
( T1, 01 = 03,07 ,012, 013
58 -o+a67 - (1— ), T
L o B = —F . =4 A =B
l.'T-]_'fﬂ"‘l_’T: ",_1_@::'_, Gl.l i Ee G:-'Gi:-'giﬂ
= T e =5 . = =A_ =B =4 =E
Toonn =4 0 -(L—pl +35 - @, 01,03 = 03,012,017 (41)
—A —B —4 =B .= =A =H
Ty " + 045 '{1_@-}; Ty2: Oyp = 04,05, 0,
— —B |- = =B _. =4 =F =4
G e +an (1L —g) U1,013 = 03,037,037
\G - (1—@)+55 © 5,003 <0.,05,008
rie
s4 _|02°K5, &>5 @)
T T P .
ay K, 55_4 =0y
or-K;7, & >ad;
948 =1 - 1B B . = (43)
ay - Ky L

rae K{, KB, K3', K8 - xooduuments peanusanuy mpouHOCTH; ¢ - HOBEPXHOCT-
Has Ao0Jiga Mukpocioss A. IlonydeHHy0 3aBUCHUMOCTb MMPOYHOCTH aJIF€3UOHHBIX CO-
€MHEHUI OT IPOYHOCTU UCXOJHBIX KOMIIOHEHTOB a/ire3MBa U cyOcTpaTta, a TakxKe
OT UX COJIEP’KaHMSI MOKHO MPOUJUTIOCTPUPOBATH CIEAYIOMNUM 00pa3zom. OueBu -
HO, BO BCEX CIIy4asiX, 3a MCKIFOYCHHEM IE€PBOTO, MPOYHOCTh COCIMHECHHS OyneT
3aBHCETh OT COCTOSIHUSI MUKpociioeB A u B. Ecnu B kauectBe MUKpOCTIOs A BBI-
CTyHaloT ra30BO3AYIIHbIC BKIIOUEHHUS, TO MPOUYHOCTh COEIUHEHUs] OyIeT yBelu-
YUBATHCS JIMHEHHO /10 KPUTUYECKOrO 3HA4YeHUs (.. llocne ero mocTuxeHus
MPOYHOCTh CHCTEMBI OCTAeTCs HEU3MEHHOU. KpuTnueckoe copepkaHue MHUKPO-
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cioeB OyAeT ompeaensIThCs COOTHOUIEHUEM YAENbHBIX MPOYHOCTHBIX XapaKTepu-
CTUK KOMIIOHEHTOB aJT€3MOHHON CUCTEMBI.

EcTtecTBeHHO, UTO MPUBEJEHHBIEC BBIIIE PACCYKICHHUS MOTYT OBITH pacIpo-
CTpaHEHbl Ha AATrE€3HOHHBIE COCJUHEHMsS HAa OCHOBE MATEpUAOB U3 OOJBIIOIO,
YKCJia MUKPOCJIOEB Pa3IMYHOM MPUPOJIBI U arperaTHOro COCTOSHMUS.

3akJII0YeHHue

Anresust Mexy (pazaMu B KOMITIO3UIIMOHHBIX MaTepuaiax — Ba)KHbIUA (ak-
TOpP, OMPEAENSIONIMN CBOMCTBA KOMIO3UIIMOHHOIO MaTepuaia, a MpeJcKa3aHue
MPOYHOCTHU AJIT€3MOHHOTO COEMHEHUSI BaXKHO MPHU CO3JAHUM COBPEMEHHBIX KOM-
MO3UIMOHHBIX MATEPHUATIOB.

Hamu Obu1a paccmoTpeHa Mojenb, B3aUMOJICUCTBUS cyOcTpaTa U ajire3vBa
00yCJIOBJIEHHAs UCKIIFOYUTEIBHO CHJIAMH MEXMOJICKYJISIPHBIX B3aUMOJICUCTBUN —
cun Ban-gep-Baanbca. [TonydeHo BbIpa’keHHE, OTpaKkarolllee 3aBUCUMOCTb CHJIbI
MEKMOJICKYJISIPHOM CBSI3U JIByX MAaKpPOCKOIMMYECKUX MOJIEKYJISAPHBIX CUCTEM OT KO-
TF€3MOHHOMN MPOYHOCTH ITUX CUCTEM.

Brenena koHcTanTa, HazBaHHas K03 durueHToM 3GHEKTUBHOCTH aATe3H-
OHHOT'O B3aUMOJIEHCTBHS aAre3uBa U cyOcTtpara. OHa 3aBHCUT OT MPUPOILI 00pa-
3YIOIICHCS CBSA3W aAre3uB-CyOCTpaT, KOJWUYECTBA CBS3EH, HA €IUHUIIC TTOBEPXHO-
CTH KOHTaKTa MEXJly CyOCTpaTOM M aAre3MBOM U r€OMETpUs KOHTAKTa MEXIY MO-
JeKyJaMH ajre3uBa u cyoctpata. KocBeHHbIM 00pa3oM 3Ta KOHCTaHTa COJEPIKHUT
UHGOPMAIIMIO O TIPHUPOJIE B3aUMOJEHCTBUSA MOJIEKYISIPHBIX CUCTEM, a TaKKe reo-
METPHUU ATOTO KOHTAKTA, SBJISIIOLIETOCS OCHOBOM MEXaHUYECKOU TEOPUU aJTr€3UH.

[IpoBeneHHbIN aHANN3 MOKa3bIBaeT, 4TO KoddduimenTom 3¢h(PpeKTHBHOCTU
aJre3uOHHOTO B3aUMOJEUCTBUS V1, = 1 IS UlI€aNIbHBIX MOJIEKYJISIPHBIX CUCTEM C
OJIMHAKOBOW IeOMEeTpHel, M €CIIM B CHUCTEMaX pealiu3ylTCs TOJbKO ciiabbie BaH-
nep-BaanbcoBeie B3auMopericTBus. Ecnu Ha crnabbie Ban-nep-BaanbcoBbie B3au-
MOJICMCTBHSI HAKJIAJBIBAIOTCS OOJIBIINE OTKIOHEHHUSI B TEOMETPUU aJIre3rBa U CyO-
CTpaTa, WIW JOMOJHUTEIHLHO UMEIOTCA OOJBIINE pa3audus B UX XUMHUYECKHUX
CBOMCTBaX, Torma y;, < 1. Ecmu ke B oOpa3oBaHHM aJre3MOHHOTO KOHTAKTa
y4acTBYIOT HE TOJBKO ciabbie BaH-nep-BaanbcoBbie B3auMOAEHCTBHS, HO U MPH-
CYTCTBYIOT BOJOPOJIHbIE, MOHHBIC M KOBAJIEHTHBIE CBSA3H, TOTJa KO3 duimeHT s¢-
(EeKTUBHOCTHU are3MOHHOTO B3aUMOJIECHCTBUA V15 > 1.

[Tony4yeHHbBIE 3aBUCUMOCTH, MO3BOJISIIOT CAENATh OLUEHKY IPOYHOCTH aJre-
3MOHHOTO KOHTaKTa, UMesl MHOOPMAITUIO O BETUYHHE KOT€3NOHHOW MPOYHOCTH a]l-
re3uBa U cyOcTpara, MpU U3BECTHOM XapaKTepe UX MEKMOJEKYJISIPHOIO B3aUMO-
JNEUCTBUS.

[IpennoxeH CTpyKTYpPHBIA OAXO/, MTO3BOJISIOIIMN CUCTEMATU3UPOBATh Pa3-
JTVYHbIE (PU3UYECKUE CUTYAIlMN HE TOJBKO JJISi OJHOKOMITOHEHTHBIX CUCTEM, HO U
JUI1 MHOTOKOMITIOHEHTHBIX. boJiee TOro, TaHHbIN MOAX0A MOXET CIYKUTh OCHOBOU
IJIA aHAJIN3a BCEX CYIIECTBYIONIMX KOHIICMIMNA aATre3ud C OJHUX MO3ulun. Jist
3TOT0 HEOOXOJAMMO C TO3MIMNA KaKIOW OTAEIBHOW TECOPUHU aATE3UM TOJONTH K
000CHOBaHUIO KO3 (dHULIMEHTA peann3alusi IPOYHOCTH ar€3UOHHBIX COCTMHEHUMN.
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[lonyyena o60OUIEeHHAas 3aBHCHUMOCTbh MPOYHOCTH AAT€3HMOHHBIX COEIHHE-
HUN OT IPOYHOCTH UCXOJHBIX KOMIIOHEHTOB aJre3uBa 1 cyOcTpaTa, a TakKe OT UX
conepkanusi. B OonblIMHCTBE CiydyaeB, MPOYHOCTh COEAMHEHUS OYIET 3aBUCETh
OT COCTOSIHHSI MHMKPOCIIOEB, (POPMHUPYIOIIMX AAT€3MOHHYIO KOMIO3MIMIO. Jlaxe
€CJIM B KQ4€CTBE OJIHOTO U3 MUKPOCJIOEB BBICTYIAIOT ra30BO3AYIIHbIE BKIIOUECHHUS,
TO MPOYHOCTh COEANHEHUS OyIET YBEIUUYMUBATHCS JTUHEHHO O KPUTUYECKOTO 3Ha-
YeHUs Q... [locne ero JOCTUXKEHUs MPOYHOCTh CUCTEMbI OCTAETCS HEM3MEHHOM.
Kputnyeckoe conepkaHue MHKPOCIOEB OyIeT ONpenensiThCsi COOTHOILIEHUEM
yIE€TbHBIX TPOYHOCTHBIX XapaKTEPUCTUK KOMIIOHEHTOB aJIr€3MOHHON CUCTEMBI.

[IpuBeneHHbie B HacTosled paboTe pacCyXAEeHHs, MOTYT OBITh pacrpo-
CTpaHEHbI Ha aJre3MOHHBIC COEJUHEHUSI B MaTepuasax, CO3JaHHbIX U3 OOJBIIOrO
YKCJia MUKPOCJIOEB Pa3IMYHOM MPUPOJIbI U arperaTHOro COCTOSHHUSL.

buaaroxapHocTh

ABTOPBI BEIPXAIOT CBOIO 0OJIAr0IApHOCTH CTapIIeMy HAyYHOMY COTPYJIHUKY
XO0JIOHCKOTO TEXHOJIOTMYeCcKoro MHCTUTYyTa (XosoH, M3panns) I'enHaguio Mak-
pUHUYY, 32 MTOMOIIb B TEXHUYECKOM MOJATOTOBKE PYKONHUCH U OOCYKICHUU TONY-
YEHHBIX PE3yJIbTaTOB.
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IKOJOTrHYHbIE (UUCThIE, «3EJIEHbIE») AIPOKOCMHYECKHE
TEXHOJIOTMH U NMPOEKThI: METOAMKA UCCJIETOBAHUN, KPaTKAasi
HCTOPHUS, NEPCIEKTUBbI

Kpuueeckuii C.B.
00KmMOp hunocogckux Hayx, KaHOUOAm MmexHuyecKux Hayk, npogheccop,
gedywuti HayuHoli compyonux Omoena ucmopuu mexHuKy U MmexHuyecKux HayK
Hnemumyma ucmopuu ecmecmeosunanusi u mexuuxu umenu C.U. Basunosa PAH.
svkrich@mail.ru

AHHOTAUMSA: MYOIUKYIOTCA PE3yJIbTaThl UCCIEAOBAHUM IKOJIOTUYECKUX ac-
NEKTOB TEXHUKH, UCTOPUM IKOJIOTUYHBIX (YUCTBIX, «3€JEHBIX)») a3POKOCMUYECKUX
TEXHOJIOTMH U npoekToB. Onucana MeToAuKa uccieqoBanuid. /Jlana xapaktepucTu-
Ka MCTOYHUKOBOW 0a3bl M U3ydyeHHOCTH. CrellaHa mepuou3alus UCTOPUH SKOJIO-
TUYHBIX a3POKOCMUUYECKUX TEXHOJIOTUM U TEXHUKHU B a3POHABTUKE U KOCMOHABTHU-
ke B XX-XXI BB. [IpuBenensl npuMepsl B BUAE psAia NEPCOHAINN, UX UIEH U TIPO-
eKTOB. [IpesiokeH CMcoK, OXBAaThIBAIOIIMN HOBBIE U IIEPCIIEKTUBHBIE DKOJIOTUY-
HbIE a9POKOCMHUYECKHE TEXHOJIOTUU U MPOEKTHI, acleKThl 3kojoruzanuu. Cdop-
MYJIIPOBAaHbl OCHOBHBIE BBIBOJIBI U PEKOMEHIALINHY.

KirroueBbie cj1oBa: adpOKOCMHUYECKUE, UCTOPUSA, METOAUKA, YACTBIE U «3€-
JEHBIEY» TEXHOJIOTUH, DBOJIOLUS, YKOJIOTHS.

Abstract: Publish results of research of ecological aspects of technique, his-
tory, eco-friendly (clean, green) aerospace technologies and projects. Describes the
methodology of the research. The characteristic of the source base of the study.
Made the periodization of the history of eco-friendly aerospace technology and en-
gineering in Aeronautics and Astronautics in the XX-XXI centuries are examples
in the form of a number of personalities, their ideas and projects. The proposed list
covering new and promising eco-friendly aerospace technologies and projects, as-
pects of greening. The main conclusions and recommendations.

Keywords: aerospace, history, technique, clean and "green" technology,
evolution, ecology.

BBenenune

B cratbe KpaTKO M3JIOKEHBI pe3yJbTaTbl ucciaenoBanun asropa B MUET
um. C.M. BaBunoBa PAH mo 3aBeprieHHOW WHUIMATHBHOW (PyHIaMEHTAIBLHOMN
HUP «KoHuenmus u MeTOAMKA aHAJIN3a DKOJOTMUECKHUX aCIICKTOB HOBEHIIIEH HC-
TOPUU TEXHUKHU, TEXHOJOTHM, TEXHOJOTMYECKUX YKJIAJ0B B MAPATUTME «3EIEHO-
ro» pazsutusi» (2014-2016 rr.) u no npojospKaronieics MiIaHOBOM (yHAaMEH-
taneHOM HUP 1o ucropun rexuuku B 2017 roay.
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[IpobOnema uccraeqoBaHUS UCTOPUM HKOJOTHMYHBIX (YUCTBIX, «3ETIEHBIX))
A9POKOCMHMYECKUX TEXHOJIOTUM SBJISETCSA CIIOKHOM U MEXKIUCUMIUIMHApHOW. B
TaKOM MOCTaHOBKE paHee B Poccuu u mupe uccienoBaHuil He ObuIO (HE BbIsIBIIE-
HbI). CUTyanusi OCIOKHAETCS TEM, YTO OTCYTCTBYIOT YCTOSIBIIASICS TEPMUHOIOTUS
U KPUTEPHUHU OIEHKH SKOJIOTMYHOCTH, «UHCTOTBI» U «3EJIEHOCTH» adPOKOCMUYE-
CKUX (M APYrHX) TEXHOJOTUH U MPOEKTOB, a TAKXKE OOJBIIUM KOJIMYECTBOM a’po-
KOCMHUYECKUX TEXHOJOTHI U POEKTOB.

B 2017-m rony — B I'ox skonorun B Poccum, a Takxke B CBSI3M C HOBOU
«Ctpaterueit sxosnorndeckoit 6ezonacHocty Poccuiickoit deaepanuu Ha MEpUO
10 2025 roma» [21], rae yneneHo 3HaYUTeIbHOE BHUMAaHUE HEOOXOIUMOCTH Tiepe-
X0Jla K YUCThIM TEXHOJIOTUSIM, IIeJeco00pa3Ho 00paTuTh BHUMaHKHE Ha 00CYyKae-
MYI0 TIpo0sieMy, KOTOopas akTyallbHa JUIsl pelieHus 3a/1ad 0e301acHOCTU U YCTOM-
YUBOTO pa3BuUTUsA Poccuu B KOHTEKCTE HaAyKH, 00pa30BaHUs U MPAKTUKH.

1. OcHOBHBIE IOHATHSA, ONIPe/IeJICHU, B3aUMOCBSI3H,
OLlEHKH

AIpoxocmuueckue mexmon02uu U NPOEKMbl — TEXHOJIOTUU U TPOEKTHI,
HEIMOCPEACTBEHHO CBSI3aHHBIE C a3POKOCMHYECKON TEXHUKOW M JEATECIIbHOCTHIO B
a’POKOCMUYECKOM IIPOCTpaHCTBE (B aTMocdepe 3eMITu U KOCMOCE).

Texnonocusa — co8OKYNHOCHb NPUEMOS U CNOCOO08 NOJyueHUs, 06pabomKu
WK TIEpepabOTKU ChIPhS, MAaTEPUATIOB MOTy(PaOdpUKATOB WU U3IEIHMA, OCYIIECTB-
JISIEMBIX B Pa3HBIX OTPACsAX MPOMBIIIJIEHHOCTH, B cTpouTesibcTBE U T.1. [17, C.9].

Texnonozuu ... «ciocoOOBl JOCTHXKEHUS 1EJIEH, MOCTaBICHHBIX OOIIECTBOM,
B TOM YHCJIE TaKUX, KOTOpblE€ HUKTO, NPUCTYMAas K A€y, HE UMeN B BUAY» [12,
C.23].

IKonozuunbvle MEXHOI02UU U NPOEKMbl — COOTBETCTBYIOLIME SKOJOTHYE-
CKMM HOpPMaM M HE OKa3bIBAIOILIKME BPEIHOTO BO3JAEHCTBUS HA OKPYKAIOILIYIO Cpe-
1y, 340pOBbE JIIOAECH WM OKa3bIBAIOIIME MEHbIIEE HETaTHUBHOE BO3JIEUCTBUE IO
CPaBHEHHUIO C APYTMMHU TEXHOJIOTHSIMU U MpoeKkTamu. K HUM, 110 MHEHHIO aBTOpA,
OTHOCSITCSl TIPEXKJI€ BCETO YHUCThIE, «3€NEHBIC» TEXHOJOTHH, & TAK)KE HaWIydlIue
JIOCTYITHBIE TEXHOJOTHH (HO C Y4ETOM OCOOCHHOCTEH TOCIeHUX, - cM.: [14,18]).

Cy1miecTByeT CHOKHAsI KOJUTU3USL MEXIY YHACIEJOBAHHBIMU TEXHOJIOTUSMH,
HAWJIYYIIMMH JOCTYMHBIMH TEXHOJIOTHUSIMH U YUCTBIMU, «3€JIEHBIMUY TE€XHOJOTHU-
smu [8,10].

«Ynacneoosannwvie» mexnonozuu >

Haunyuwue oocmynnvle mexnoaozuu >
Yucmule, «3enénvie» mexmnonocuu

B mupe B 2006-2010 rr. 3apeructpupoBano ~ 6000 maTeHTOB Ha «3€JICHBIEY
TEXHOJIOTMH,  MOJaBIsIoNIee OOJBIIMHCTBO - B PA3BUTBHIX CTPaHAX, U3 HUX: ~
1500 — B CIIIA, a B pa3BuBaromuxcs crpaHax Bcero okono 100, u3 KOTOpBIX ~
80% B ctpanax BPUKC (Poccus u ap.) [16, 2012].
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OnHako, MOKa HE U3BECTHO, CKOJIBKO CPEAU BCEX 3TUX MATEHTOB YHUCTHIX,
«3ENEHBIX» AIPOKOCMHUYECKUX TEXHOJIOTUM (TIO OIIEHKE aBTOpa 3TO COTHU TEXHO-
jorwuii - ot 100 10 300).

OO6miee KoMMUeCcTBO MaTeHTOB B Mupe ~ 70 miuH [1], HO HE U3BECTHO, KaKOE
KOJIMYECTBO U3 HUX MOYKHO OTHECTH K YHCTBIM U «3EJIEHBIM» TEXHOJIOTUSM.

Bwmecre ¢ TeM cymiecTByeT 3HAUUTENbHBIA TOTEHIHAN YKOJIOTU3alUA TEXHHU-
KU U JICSATEIbHOCTU 32 CYET MEePeXo/a K SKOJOTUYHBIM TE€XHOJOTHUSIM, KOTOpBIE
JTaBHO pa3paboTaHbl, MPUYEM, MHOTHE U3 HUX JOCTYMHBI U JJABHO CO3PENH IS pe-
aNnu3aLuu.

2. Metoxoorus

2.1. MeToAbl ¥ NOAXO/bI

OCHOBHBIMU SIBJISIFOTCSI: CHUCTEMHBIM TMOJIXOJ; aHAJOTHs; CPaBHUTEIbHBIN
aHaJu3; MOJEJIUPOBaHKe; 00yUeHHe Ha MpUMepax; aBTOMATU3UPOBAHHBIN MOUCK,
o0paboTka, aHanu3 uHopManuu (BKIHOYas HOBBIC U TIEPCIIEKTUBHBIE METOIbI Big
Data [9]); sxcriepTHBIE METOIBI.

2.2. IIpuopumembwl, 0CO6€HHOCMU U 02PAHUYEHUS

Cpenu HUX BBIJICHUM CIIEAYIOIIHE:

1. BoigBieHwe u aHaIM3 BaXXHBIX apTe(aKTOB, MPUMEPOB U3 UCTOPUHU
a’POKOCMUYECKOW TEXHUKU U AEATEIbHOCTH.

2. bonpmoit MaccuB uHGoOpManuu 006 U300PETEHUSIX, MATEHTAX, MPOEKTaX
U CJIOKHOCTh aBTOMAaTH3allMU IPOILIECCA BBISBICHHUS M aHAJIU3a YHUCTBIX, «3€JIE-
HBIX)» TEXHOJIOTUH U MTPOEKTOB.

3. OTtcyTCTBHE YCTOSIBIIUXCS MOHATUN U KPUTEPHUEB.

4. Manplil OIIBIT UCCIIEI0BAHUH I10 TAaHHOU TEME.

3. HexkoTopble pe3yJbTaThbl HCCJIET0BAHUI

3.1. Hcmo4yHuKoeas 6a3a u u3y4eHHOCmb

JIns mpoBeneHusl UCCIEAOBAaHUN UCIIOIB30BaHbl U UCIOJIB3YIOTCS CIIEYIO-
IIFi€ UCTOYHUKU MH(POPMAIIMH: JTUTEepaTypa (BBISBICHO U BKIIOYEHO B paboTy 60-
nee 300 myOnuKaiuii); apXuBHbIE HCTOYHUKH; U300pPETEHUS, MATEHTHI; HOPMATHUB-
Hast 0aza (cTaHIapThl U Jp.); DJIEKTPOHHBIE 0a3bl TaHHBIX, UHTEPHET; KOHCYJbTa-
MU CO CIEUHUAIMUCTAMU, IKCIIEPTAMH.

Cpenu HUX BBIACISIOTCS pabOThI, MyOJIUKAIUU U Jp. ICTOYHUKH, aBTOPbI
kotopbix: B.II. Bypnakos, B.IO. Kmomnukos, B.C. Ky3nenos, . Mack, B.IL
Muxaiinos, A.I'. MynuH, I'. [lotounuk (I'. Hoopaynr), B.®. Camoxun, @.A. [{an-
nep u ap. [2-4,11,13,15,19,22,26].

3.2. Ilepuoduzayusa o6weii ucmopuu 3K0/102UYHbIX AIPOKOCMUYe-
CKUX mexHo/102uUll U npoeKkmoes (8 npakmuke)
BBII[GJII/IM TpH IICpHUOoaa HCTOPHUHU IKOJIOI'MIHBIX TEXHOJIOTUH U IIPOCKTOB.
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B o6Js1acTy a9pOHaBTHKY (BO3AYXOIUIABAHUS U aBUALIMH):
[. Texnosoruu 3amuThl IEPCOHANA U NMacCaKUPOB cucteM ~ ¢ 10-20-x rr. XX B.
II. Texnonmorum 3amuTel HaceneHus ~ ¢ 50-60-x rr. XX B.
[II. TexHOJIOrNM 3aIINUTHI OKpPYKaroWen NpupoaHou cpenbl ~ ¢ 80-x rr. XX B.
B o61acTu KOCMOHABTUKH (KOCMUYECKOU JIESITEIIbHOCTH):
[. TexHoJIOTMHU 3aIIUATHI IEPCOHATA KOCMUYECKUX cucTeM ~ ¢ 50-x rr. XX B.
II. TexHonmorum 3amuThl HaceneHus ~ ¢ 60-70-x rr. XX B.
[II. TexHOJIOrUM 3aIINUTHI OKpYXKarolen npupoaHou cpenabl ~ ¢ 80-90-x rr. XX B.
[Ipruem, Kak mpaBWIIO, CHayaja B IPAKTUYECKOW adPOKOCMUYECKOU Hes-
TEIBHOCTH BO3HHUKAIM KOJOTHYECKHE MPOOJIEMBI, a 3aT€M C OMO3JaHUEM UX OCO-
3HABaJy U HAYMHAJIW pelaTh. JTa 3aKOHOMEPHOCTh IIPOJIOKAET MPOSBIATHCS U B
HACTOSIIIEE BPEMS.

3.3. Kaaccugpukayuu u modeau

Atopom B 2007-2016 rr. ObutH pa3paboTaHbl KiIacCU(PUKAIUK U MOJEIU
JUIst popMaNTM3allui U OTTMCAHUSI TIPOIECCa IBOIONUHM TEXHOJIOTUM, TEXHUKH, TEX-
HOJIOTUYECKUX YKJIan0B [5-10,24], KOTOpble UCMONB3YIOTCS W JJIsl UCCIEIOBAHUA
AKOJIOTUYHBIX a3POKOCMUYECKUX TEXHOJIOT UM

1) xiraccupukanus TEXHOJOTHH MO METOay 4-X Kpacok («UIEPHBIEY, «KO-
PUYHEBBIEY, «3EJEHBICY, «OETIbIe» TEXHOJIOTUHN);

2) MOJeNb OLIEHKH SKOJOTUYHOCTH TEXHOJIOTHM B MPOCTPAHCTBE «IOTPEO-
JIEHUE, BOCIIPOM3BOJCTBO PECYPCOB — 3arpsA3HEHHE, pa3pylLICHHE, OYHUCTKA, BOC-
CTAHOBJIEHUE OKPY>KaroLIEl CPeAbD», C YIETOM ACHEKTOB HAWIYUIIUX TOCTYIHBIX
TEXHOJIOTUH, «3EJICHBIX» U JP. TEXHOJIOTUM (cM. puc. 1);
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Puc. 1. Mojenb OLeHKH SKOJOTMYHOCTH TEXHOJIOT Hﬁ, TCXHHUKH, OTpacneﬁ B IIPOCTPAHCTBC
«HOTpC6J'IeHI/IC, BOCIIPOHU3BOJCTBO PECYPCOB — 3arpsA3HCHUC, PA3PYIICHUC, OUUCTKA, BOCCTAHOB-
JICHHUC Opr)KElIOH.ICfI Cpeabl» Ha OCHOBC maccmbnxaunn o «MEeToy 4-x KpaCoOK».
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[Toscuenus k puc. 1:

[-IV - skonoruueckue pexumbl (OP) B3auMoelCcTBUS C OKpY>Karoleh cpe-
noi (OC):

I - moTpebnenue NpupoaHBIX PECYpPCOB ¢ 3arpsi3HeHueM, paspyuenrnem OC;
II — moTpebnenue pecypcoB ¢ ouucTKoil, BocctaHoBienuem OC; III — Bocnpous-
BOJCTBO PECYPCOB € OYMCTKOM, BoccTaHOBIeHHEM OC; IV — Bocpon3BOACTBO pe-
CypCOB ¢ 3arpsisHeHueMm, paspyuenuem OC.

A, B, C, D - xi1accel TEXHOJIOTUIA, MPOLIECCOB MO KPUTEPHUIO IKOJTOTUIHOCTH

A — «Oenble» (MaeanbHbIC, SKOJOTHUECKUA YUCThIE U Oe30MacHbIe, TPUPOIO-
pECYpCO-BOCCTAHABIMBAIOLINE, «CBEPX3EJICHBIC», NMPUHLUUIHMAIBHO HOBBIE, MEP-
CIIEKTUBHBIC);

B — «3enenbie» (mpupono-pecypco-coeperaromue, 00J1aJaroue BbICOKUM
YPOBHEM 3KOJIOTMYEeCKOil 0€301MacHOCTH, HOBBIE, KETaeMble);

C — «xopuyHeBbIe» (PACTOUYUTENbHBIC, TPSA3HBIE, SKOJOTUUECKH OTAacHBIE,
yCTapeBIlIue);

D — «uepHble» (CBepXpacTOUYUTENbHBIC, YPE3BbIUAWHO TPs3HBIC, pa3pylliu-
TEJbHBIE, IKOJIOTMYECKU CBEPXOIACHbIE, HEPUEMIIEMBIE).

N - Dbosbmon MNyHKTUPHOW DJJUIMIIC - MHTETPajbHBIM  IKOJIOIO-
TE€XHOJOTHUYECKUH CIIEKTP OTpaciu (II0Ka3aHO YCIOBHO).

L - Manblif yHKTUPHBIN 3JUTUIC - 00JAaCTh HAWIYYIIUX JOCTYITHBIX TEXHO-
noruii (HAT) myst kocMuueckoit orpaciu (1mokasaHa yCJIOBHO).

3) MoZenb 3BONIOLUH TEXHOJOTHM, TEXHOJIOTMYECKUX YKIAA0B, HUHTETPalb-
HOT'O TEXHOJOTHYECKOTO YKJaJa B MapagurMe «3eJEHOT0» pa3sBUTHUS U II100ab-
HOTO OynyIiero (cM. puc. 2).

TY T Nt (oucasa)
ITepexon K MmOCTCHH- — TlocTCHHT Y IApHBLH
ryvaspHoMy  LTY BapHaHT OyIyimero
3 o] * . (mpormos)
(mporaos) mp
_ ‘.--""-—.. 5
ITepexon B «SemxdHoMyH Touxa CHET VIHD HOC TH
v (mporuos) H MOMEHT KaTacTpodbl
T 10° o O (nporHo3)
A ocHHT Y IAp HBIH
6 107 — 10° EBapHaHT Gyavimero
IMepexoanr
105 — 107 K HOB BIM
5 T¥
CHHIVISpHOCTE
K rak «Ilpodoesra — 20450
(mporsos)}
4 | 10°-10° \
£
3 10t — 10° E A DanTHp 0BaHHBIH
H BAapHAHT KPHEOH
""" Cayvrca-Ilanosa
. 10¢ — 10
mamagas
el
1 108 —10°
18300 1900 2000 2100 t

Puc. 2. Hosast moOens 360110yuu mexHonro2ull
8 napaoueme 2100a1bH020 OYO0yWe20 U «3e1EH020» PA36UMUL.
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[TosicHenus k puc. 2:

[loka3zaHbl: yCKOPEHHBIH POCT OOLIEr0 KOJIMYECTBA MPOMBIIIIEHHBIX TEXHO-
noruii NT (oueHka), TexHosoruueckue ykiaansl (TY), BkiItoyas mepexoa K mep-
CIIEKTUBHOMY «3e€HOMY» 7-My TV (IporHo3), Kak BOCXOJSIIHNE CTYNEHU WUHTE-
rpansHOro TV, «BNHMCaHHbIE» B aJalTUPOBAHHBIM BapHaHT TUNEPOOTUYECKOM
kpuBoil CHykca-IlaHoBa (M300pakaeT yCKOpeHHE 3BOJIIOLMU Ha 3emiie, BO3MOXK-
HYIO CHUHTYJSIpHOCTb U Katactpody ~ B 2045 r., — «IIpobaemy — 2045»), B03-
MO>KHbBIE€ BapUAHThl JOCHUHTYJISIPHOTO M MOCTCUHTYJISIPHOTO MEepexo/a U riodanib-
HOro OyAylIero, BKJIoYas TMIOTETUYECKUM MOCTCUHTYIsIpHbIN 8-i1 TY runeprex-
HOJIOTHYECKOT0o OyAyIiero (mporyo3s).

3.4. IlepcoHanuu, ux udeu u npoeKkmul (npumepbsl)

BoeigenuM u mpuBeneM IIECTh BaXKHBIX MpUMEpoB 3a mepuoa  ~ 100 jer
(XX-XXI BB.), 0XBaTHIBAIOIIUX PA3TUYHBIC ACTIEKTHI SKOJOTUUHOCTH.

1. ®.A. Iannep (1987-1933), ydeHslii, HHXEHEP-KOHCTPYKTOP, U300peTa-
tenb, Poccus/CCCP. B atom rony ucnonssiercst 130 jiet co JHS €ro poKJIeHuUs.

B 1909 roay (o npyrum nanasiM — B 1911 T.) BeICKa3an uae0 CKUTaHUS B
MOJIETE DJIEMEHTOB KOHCTPYKIIMM JIETATEJIBHOTO ammapara (caMojieTa-pakeTsl),
CTaBIIUX HEHY>XHBIMU, pa3padboTal MPOCKT MEXKIUIAHETHOTO KOpalJisi CUCTEMBI
®.A. Iangepa ¢ UCTIOJIIB30BAHUEM JITOW HUJIEM M TEXHOJOTUHU, CJeJal ONHCaHue,
3asBKy Ha u3zooperenue (1923-1924), - cm. «Onurcanne MEXIIaHETHOTO KOpalJis
cuctembl @.A. [lannepa» B BuJe MarepuaoB NMaTeHTHON 3asiBKU [22]. [IpoekT He
peanu30BaH.

2. T'. Ilotounuk (I'. Hoopaysr), (1892-1929), unxenep, ABctpus.

B 1928 roay mpensioxuwi IpoeKT OpOUTAIBHON CTAHIIMH C UCKYCCTBEHHOM
rpaButanueii. Cwm.: «Komeco XU3HW» - MPOEKT OPOUTAIBLHOW CTaHIMU (KHIION
MOJTYJIb - BpalllalOIIUNACS TOPOUI) C UCKYCCTBEHHOU rpaBuTanueil [15]. [IpoekT He
peaau3oBaH.

3. B.I1. Bypnakos (1934-2014), Poccus.

HanoTominBo — pakeTHOE TOIUIMBO B HaHOTpaHyJaxX u Ap. [2]. Texnonorus
3anaTeHTOBaHa. [I[pOeKT He pealn30BaH.

4. B.C. Ky3nenos (poguics B 1937 r.), A.I'. Mynun (poauics B 1927 r.),
B.®. CamoxuHn (poguics B 1947 r.), Poccusi.

[Ipoekt «3enéuslit» camoiieT», ¢ MUHUMHU3ALMEN YPOBHS IIyMa 3a CYET aK-
TUBHOTO ynpaienus (nogasnenus) [11]. [Ipoekt He peanu3oBaH.

5. A. bopmibepr (ponuncst B 1952 r.), umxenep u b. Ilukkap (pomumncs B
1958 r.), asponasrt, llIBeitapusi.

Onextpudeckuii camonet Solar Impulse Ha conmHeunbix 6aTapesx (2009), 1-i
nostet B 2009 r., kpyroceTHsIi niepenet Solar Impulse 2 B 2015-2016 rr. [20].

6. W. Mack (poawncs B 1971 r.), ousnecmen, kopropaiusi SpaceX (CIIA).

Mmuoropa3oBas Bo3Bpamaemas 1-s1 cryneras PH Falcon 9. TlepBas ycnemnas
nocajaka crynenu (2015), nepBoe ycnemHoe noBropHoe npumenenue (2017) [19].

JlaHHbIE MTpUMeEpBI MOKa3bIBAIOT KIIOUEBYIO POJib UCCIEq0BaTENEH, n300pe-
TaTeJed U MPAKTUKOB B CO3/IaHUM U BHEIPEHUH SKOJOTMYHBIX TE€XHOJIOTUM, B TOM
4yyCjie BaXKHBIN BKJIaJl U MOTEHLMAN Halleld cTpanbl. BMmecte ¢ TeM cienyer oOpa-

127



TUTh BHIMAaHHE Ha TO, YTO OOJBIIMHCTBO U3 ATHX HAEH, TEXHOJIOTUN U MPOCKTOB
(4 u3 6) ele HE BHEPEHBI B IPAKTUKY.

3.5. Hoevle u nepchekmueHble 3IK0/102UYHbIE (Yucmble, 3e/1eHble)

as3poKocmu4ecKue mexHos102uu U npoeKkmbl

1. «3enéHoe» pakeTHOE TOIUIMBO (HETOKCUYHOE TOIUIMBO, HAHOTOIUIMBO U
Ap.).

2. Bo3zBpamaeMble CTyIIEHU PaKET-HOCUTENEH.

3. MHoropa3oBble OJHOCTYIIEHYAThIE PAKEThI-HOCUTEIH.

4. IlpuHIMOUATHHO HOBBIE PAKETHBIE TEXHOJOTUU (HAa HOBBIX (PU3MUECKUX
NPUHIIMIAX, B T.4. B IEPCIEKTUBE — HA KBAHTOBBIX U Jp. dddekTax).

5. HepakeTHble TEXHOIOTUH MOJETOB B KOCMOC, IEPEMEILIEHUS B KOCMOCE.

6. Kocmuueckuit mudt 3emius — JlyHa, 1pyrue TpOCOBbIE CHCTEMBI.

7.  CoylHEUHbIE KOCMUYECKHE JIEKTPOCTAHIINH.

8. DrexTpuuecKue caMoJIeThl U TUPHXKAOIH.

9. becuymHble (BHE M BHYTPH ) JIETaTEIbHBIE alllapaThl.

10. «be3oTxoaHbIe» JeTaTeNbHbIE anmnapaTsl B aTMocepe U KocMoce.

11. Yucteiii («3en€HbIN») TOJHBIA KUZHECHHBIN ITUKII adPOKOCMUYECKOM
TEXHUKH U AEATEIbHOCTH.

12. Mera-npoeKkThl YIpaBJICHHS IPOLECCOM IEPEX0]a adPOKOCMUUYECKOM
orpaciu K HJT, 4uMCTBIM U «3€JIEHBIM» TEXHOJOTUAM (HalpuMep, UHUIUATHBA
«Hucteii kocmocy, peanusyemas ¢ 2013 romy B EBpomeiickoM KOCMHYECKOM
areHtcTBe [23,25]).

OcHOBHBIE BbIBO/IbI H PCKOMCH/IAIINH

1. TIpoGiema uccnenoBaHUsS UCTOPUH PKOJOTHUHBIX (YUCTBIX, «3EICHBIX))
a’POKOCMHUYECKUX TEXHOJOTUIM HOBasg M aKTyalbHas IJI1 HAyKW U NPAKTUKU. B
JAHHOM TMOCTaHOBKE MccieaoBaHUi He Obuto. OOIIee KOJIMYEeCTBO IKOJIOTHUYHBIX
a’POKOCMUYECKHX TEXHOJIOTUH M MPOEKTOB HE M3BECTHO (MX COTHU U THICSYH, -
OIICHKA aBTOPA, - B IEPBOM MPUOIIKEHUH, HA OCHOBE aHAJIN3a TTATCHTOB).

2. Paspaborana 001mas METOAMKA MCCIENOBAHUN C YYETOM MPUOPHUTETOB,
0COOEHHOCTEH U OTPaHUYCHUH.

3. HeobOxonumo ocymecTBUTh MEPEX0]] OT «3IK00E30MaCHOCTHOTO» MOJIX0-
Jla 1 HOBOMY IOJXO/ly, OCHOBAaHHOMY Ha aHAaJM3€ U OIIEHKE 3KOJIOTUYHOCTU TEX-
HOJIOTUH M MPOEKTOB MO KPUTEPUSIM IKOJIOTHMUECKON YHUCTOTHI U «3EIEHOCTH», C
MCTIOJIb30BAaHNEM HOBBIX KJacCHU(UKAIMK M MOJENei, B T.4. C Y4ETOM DKOJIOTO-
AKOHOMUYECKHUX aCHEKTOB B COI[MO-TEXHO-MIPUPOTHON Mapaiurme.

4. Co3naHa HCTOYHUKOBAs 0a3a M UCCIIEA0BaHA U3YYEHHOCTh TEMBI.

5. IlpennoxeHa nepuoan3aius 00U UCTOPUH SKOJOTUUYHBIX a3POKOCMHU-
YECKHX TEXHOJIOTUI U MPOEKTOB HA OCHOBE aHAIN3a MPAKTUKH.

6. PaccMoTpeHbl BaKHbIE UCTOPUYECKHE MPUMEPHI HIKOJOTUYHBIX a3POKOC-
MHYECKHX TEXHOJIOTUIA U TPoeKTOB X X-XXI BB.
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7.

HpezmonceH CIIMCOK, OXBaTBIBaIOHII/Iﬁ HOBBIC M INICPCIICKTUBHLIC 3KOJIO-

I'MYHBIC AOPOKOCMHYCCKNEC TEXHOJIOI'MU U ITPOCKTHI, ACIICKThI 9KOJIOTU3alHH.

8.

[lenecooOpa3HO MNPOAOIKUTH HMCCIEIOBAHHSA, B T.4. HAa KOHKPETHBIX

npuMepax, ¢ ucnojipzoBanueMm Big Data nns ananuza nadopmanum o TEXHOIOTUSAX
U rpoekrax B Poccuu u mupe.
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JAupmxadim B Ka4eCcTBe YHUKAJIbHOU IIATHOPMBI J1JIs
Pa3BUTHA HOBbIX TEXHOJIOTUH U BHEAPEHUS HECTAHAAPTHBIX
TEXHUYECKHUX pelIeHui
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Annoranus: Kpymenus «lllenangoa», «R-100», «Makona», «AkpoHa», a
oco0eHHo «['mHaeHOypra», CHUMKH TOPSAIMIMX OOJOMKOB KOTOPOTO TOMajaud Ha
NEepBbIE MOJOCHI Ta3eT BCEro MHPA, MOCTABUIU KPECT HA IEJ0M OTpaciiu, BOCXHU-
HaBIIel COBPEMEHHUKOB CBOMMU TPaHIMO3HBIMH TIpoekTamu. Jluprkabdiectpoe-
HUE YCTYIHWIO MECTO aBuacTpoeHuto. Ceilyac nUpUKa0IECTPOCHUE BO3POXKIACTCS
BO MHOTHX CTpaHaX. ['0OBOpUTH O OBLIOM MOTYIIECTBE HMCIIOJMHOB HeOA TMOKa YTO
paHoOBaToO, HO JIeJI0 K TOMY UeT. Eciii BO BCIO MIKPH B3MISTHYTh HA BO3MOYKHOCTHU
TUpUka0IIei, TO TO HbIHE 3a0bITOE€ TPAHCIIOPTHOE CPECTBO, IOMUMO YUCTO YTH-
JUTApHOU (YHKIIMU JOCTaBKH T'PY30B U MACCAKHUPOB U B JIOOYIO TOUKY 3€MHOTO
mapa, IpeacTaBIsaeTCs YHUKAILHON MIaTGOPMOM IJIsl pa3BUTHUS HOBBIX TEXHOJIO-
Ui U BOTUIOLIEHMS] HECTAHIAPTHBIX WHXKCHEPHBIX perieHuid. B nupuxkabiasax mo-
I'yT BOIUIOTUTHCS HE TOJIBKO YK€ paboTaroIre TeXHOJOTUM, HO M elle He «CIe-
JaHHBIE B JKeJie3e» HapaOOTKU, KOTOpPHIE MOKY/a JIMIIH B TOJIOBaX WHKEHEPOB U
KOHCTPYKTOPOB CYIIIECTBYIOT.

Kiarwu4eBble cioBa: qupuxadim, JuprxadIecTpoeHue, TEXHOJOTHH, TeXHHU-
Ka, TPAHCIIOPT.

Airships as a unique platform for developing new
technologies and implementing non-standard engineering
solutions

Gumarov V. A.
Editor of the site of Nanotechnological Society of Russia,
aguma@rambler.ru

Abstract: Airship construction is reviving in many countries. Surely, it is
still early to talk about the lapsed mightiness of sky colossi, but things are coming
just to this end. If capabilities of airships are considered on a large scale, it will be
clear that this transportation means, now sunk into oblivion, is a unique platform
for developing new technologies and implementing non-standard engineering solu-
tions. As for a technical aspect, beside the already existing techniques, in airships
there may be implemented the ideas, which have not been “made in hardware yet”
and which so far exist only in the heads of engineers and designers.
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BBenenue B temy

Kpymenus «lllenannoa», «R-100», «Makona», «AkpoHa», a 0COOEHHO
«'uaaendypra», CHUMKHU ropAIuX 00JIOMKOB KOTOPOT'O MOMAajild HAa NEPBBIE MOJI0-
Chbl Ta3€T BCETO MUPA, MIOCTaBUJIM KPECT HA LIEJIONM OTPACiv, BOCXUIIABLIENH COBpeE-
MEHHUKOB CBOMMHM TI'PAaHIMO3HBIMU MpoeKTamu. JupumxabiecTpoeHue yCTYIUIIo
MECTO aBUACTPOEHUIO.

Ho aBumanus B3syia BepX HaJ BO3AYXOIUIAaBAHHEM HE MMOTOMY, YTO CaMOJIEThI
Jayduie nupuxadieil BO BCEX OTHOIIECHUSX, @ MOTOMY 4YTO B 30-e rojbl mpoLuioro
BEKa MUP TOTOBWJICS K BOHE. A B KauecTBe O0OMOOBO30B, BIBAJIMBAIOIIMX HA JIO-
Jiell CBOM CMEPTOHOCHBIN I'Py3 MOJ OTHEM 3€HUTOK M aTak UCTpeOuTenel, camoie-
Thl, HECOMHEHHO, 3@ dekTuBHee nuprkadiaeir. UTo ke kacaeTcss MUPHOTO UCIION b-
30BaHUS JUPHKA0IeH, TO 3/1eCb OHU UMEIOT LEIbId KOMIUIEKC HEOCTIOPUMBIX Ipe-
UMYIIECTB Tiepe camoneramu [1].

Oco0eHHO OYEBHIHO ATO CTAHOBUTCS Ceiuac, Korja mepell 4eloBeueCTBOM
BO3HUKAET BOMPOC BbDKMBAHUS B (hopMaTre HEOOXOIUMOCTU OCBOEHUS MPUPOTHBIX
PECYPCOB B TPYAHOJOCTYIHBIX YrOJKax IIaHeThl [2]. ['1e MOXKHO, MBI YK€ MOYTH
BCE BblUuepnayiu. Tenepb NpuIuIo Bpems Opath TaM, rae Henb3s. Win 3aTeBats me-
penen Mupa pajam 10CcTyna U30paHHBIX K OTKPBITBIM M OCBOEHHBIM KJIJ0OBBIM IIPH-
POJIbl, KOTOPBIE, BIPOYEM, HE O€370HHBI. Tak 4To 1o JIF0OOMY, paHO WIIM MO3/HO,
Hepe]] YeJIOBEYECTBOM BO BECh POCT BCTaHET MpoOJieMa OCBOEHMSI HEAOCTYIHBIX
HBIHE JUIA XO35UCTBEHHOMN NEATEIIBHOCTU TeppUTOpUi. HeJOCTYyIHBIX 11O pUYMHE
OTCYTCTBUS TEXHUUYECKHUX BO3MOXKHOCTEN 0 HUX J0OPAThCA.

B e B o0,

Puc. 1. be3 oupuoicabns 30ece He 060UMUCH.

Ona B npo3e AMpHKa0IAM

Ha cerogusimauit neas npobieMa 0e310pOKbsl U yIATEHHOCTH PEIIaeTCs ¢
MOMOIIIbIO aBUAIlUK — BEPTOJIETOB U CAMOJIETOB. XOTsI OYEBUAHO, YTO HU camoJie-
TBI, HA BEPTOJIETHI C MX MPUXOTINBOCTHIO B IKCILTyaTalliu, TPeOOBATEIHHOCTHIO K
Ha36MHOMY OOOpYAOBAHUIO, MPOKOPIUBOCTHIO TOIUIMBA, Y>KACAIOINIUMU MOCIE/-
CTBUSIMU MPOCYETOB B YNPABJICHUU U OTKA30B TEXHUKH, HE CIIOCOOHBI COCTABUTH
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CEpPhE3HONM KOHKYPEHIIMM aBTOMOOWJIBHOMY U JKEJIE3HOJOPOKHOMY TPAaHCHOPTY
MIPU MTOJIHOMACIIITAOHOM OCBOCHHUH HOBBIX TEPPUTOPHUIA.

Hpyroe aeno aupuxadnu. JJoporux B3lEeTHO-MOCAJAOYHBIX MOJIOC HE Tpedy-
€TCsl, TPY30MOAbEMHOCTh I0CTaTOYHAs, TIPO JOPOTH U peud OBITh HE MOXET, B Ya-
cTH 0€30MaCHOCTH, Pa3Be YTO >KEJIE3HOJOPOMKHBII TPAHCIOPT KOHKYPEHLHUIO CO-
CTaBUTh MOJXKET, B 4aCTU KOoM(OpTa — BOJHBIN, IO SKOHOMUYHOCTH HU CaMOJIETHI,
HU BEPTOJIETHI JUPUKAOISIM HE CONEPHUKH. Tak 4TO 3aBOEBaBIIIasi IPEBOCXOJICTBO
B BO3/IYIITHOM MPOCTPAHCTBE aBUAIIUS MO CPABHEHUIO C TUPHIKAOIIMU OKa3bIBaCT-
Csl B POJIM TEXHUKHU BYEPAIIHETO JHS B KQUECTBE TPAHCIIOPTHOTO CPEJICTBA ISl T1O-
JUTUKO-DKOHOMHYECKON HKCIAaHCUU B YCJIOBUSX yCyryossitomierocs neduiumra
PUPOHBIX PECYPCOB.

Ecnu ke yuyecTb BOBMOXKHOCTH UCIIOJIB30BaHUS AUPHKAOJIel B KaUuecTBE Tie-
PEIBIKHBIX 1I€XOB JIJIsl TIepepabdOTKU MPOITYKTOB CEJILCKOTO M JIECHOT'O XO3SCTBa
HETMOCPEJACTBEHHO HAa MECTe UX MPOU3BOJCTBA, MOOMIBHBIX OTENIed B TypUCTHUYE-
CKOM OM3Hece, HaJ3eMHBIX LIEHTPOB JI0CYTa U OT/IbIXa, TO BO3POXKIACHUE TUPUKAO-
JIECTPOCHHMS TIPEICTABISAETCA BEChbMa MEPCIEKTUBHBIM U TPUOBLILHBIM JISTIOM.

st Poccuu ke ¢ ee OeckpallHUMU TTPOCTOPAaMH, HECMETHBIMU MPUPOTHBIMHU
O6oraTcTBaMHU M BEUHOU MpoOJIEeMOl ¢ JOporaMu AUPUKAOIb — BOOOIIE He3aMEHU-
MO€ TPAHCIOPTHOE CPEICTBO, KU K PEIICHUI0 MHOTUX MpobiemM. OcoOeHHO 3TO
kacaetcss Cubupu. BouctuHy, KTO BO3POAMUT AupHxadyu, monydyutr Cubuph c ee
0e3MepHBIMH MPOCTPAHCTBAMH M OECUUCICHHBIMUA COKPOBUIIIAMH.

B cBeTe uncTo TeXHUYECKUX MPOo0IsIeM, C KOTOPBIMH CTOJIKHYJIOCH YeloBeye-
CTBO B CBSI3U C OYypHBIM Pa3BUTHUEM TPAHCIOPTA, TUPHKAOIU MOTYT AaTh PE3KUI
TOJYOK paboTaM MO CO3/aHMIO JBUTATENel, padoTaromux Ha Bogopone. upu-
*abJib 1 BOJOPOJHBIN JIBUTaTeNh CO3/IaHbl Ipyr s apyra! Bens Bogopon Ha nu-
prxabiie MOXKET CTaTh M HECYIUM Ta30M, U TOTUIMBOM Jyisl aBuraresneit. [lpu uc-
MOJIb30BAaHUK BOJOPOJHBIX JBUTATENEH Ha AUPUKAOIAX cama coOod oTmamaer
rJiaBHas mpobsiema: Kak paboTaTh CO CKUKEHHBIM BOA0poaoM. Bomopoa, kak Tomn-
JTUBO, OyIET MCIONBb30BATHCA B CBOEM €CTECTBEHHOM ra3000pa3HOM COCTOSHHH,
U CO3/1aBaTh JOIOJHHUTEIbHYIO MOJBEMHYIO CHITY, @ HE Che/IaTh MOJIE3HYIO HArpy3-
Ky. Kpome toro, Ha nupmkaliasix BTOPOE JbIXaHUE MOTYT TMOJYYUTh TOTUTMBHBIC
AJIEMEHTHI, paboTarolue MO MPUHIUIY OeCIIIaMEHHOTO OKHCIICHHS BOJOpO/aa C
npeoOpa3oBaHUEM XUMUYECKOW SHEPTUH B DJEKTPUYECTBO, OJaro, 4To BOAOPOJA
Ha OOpTy Oy/AeT MPe0CTaTOYHO, TOJIBKO OKUCIHSIH. A TaM y»K 3TH TEXHOJOTHUHU U Ha
3€MJIIO CITyCTUTh MOYHO OYJIET.

Puc. 2. Bcmpeua oupudicabas 6 nauane npouinozo eexa.
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Huprxabiu B Hayalle IPOLUIOro BeKa MOKOPWIM cepla oObIBaTeIeil U OT-
KpbUIM KOILIEIbKA MELIEHATOB, YTO MO3BOJWIO rpady Llennenuny co3aaTs 1elyro
oTpacib — aupuxadiectpoenrue. Ho B mepuoa Mexay 1ByMs MUPOBBIMU BOWHAMHU
OUpHKa0Iu ObUIM BBITECHEHBI M3 BO3JYIIHOTO MPOCTPAHCTBA camojieTaMu, Oosee
MIPUCIIOCOOJICHHBIMM JJIsl YHUUYTOXKEHUSI BCEro, 4TO BHU3Y IeBenauTcs. Hauwancs
BEK aBUAIINU.

Ha cerognsimHauii 1eHb, IOX0KE, aBUALIMS JOCTUIJIA CBOErO MOTOJKA, B OT-
JUYUE OT BO3AYXOIUIABAHMS, MOTEHIMAT KOTOPOrO CO BPEMEHEM TOJBKO YBEJIH-
yuiics, Oyarogapsi CO3JaHUI0 HOBBIX MaTEpPHUAJIOB, PAa3BUTHUIO DJIEKTPOHUKH, CO-
BEPIIICHCTBOBAHUIO TMPOEKTUpOBaHUSA. W paboThl 1yisi auprokaliield HernovaThlid
Kpail. OHO, KOHEYHO, MOYKHO TOJI3aTh IO 3€MJI€, Kpyllla BCE HAa CBOEM IIYTU NpHU
MPOKJIAJIKE JJOPOT M MPOUYMX TPAHCIIOPTHBIX MAruCTpalieid, a MOXKHO JIETKO U dJie-
TaHTHO BOCTAPUTh HaJ 3eMJIeld U JOCTaBUThH B JIIOOYIO TOUKY IUIAHETHI BCE, UYTO
HaJI0: XOTh TPY3, XOTh MacCaXUPa, XOTh YEPTa C poramu (Hy, 3TO YK€ OTHOCUTCS K
3ampocam Jirojel B moronax [3]).

Puc. 3. Ucnvimamenvuwiii nonem oupusicadns « Dragom Dreamy
amepukanckou komnanuu « Worldwide Aeros Corporationy.

Bo3poxaenune nupuxadiecTpoeHusi B HOBoM gopmare

HupunxabiaecTpoeHrne BO3pOXKAaeTCs BO MHOTHX cTpaHaX. ['oBOpUTH O ObI-
JIOM MOTYIIIECTBE HCIOJIMHOB HeOa MOKa YTO paHOBATO, HO JIEJIO K TOMY UAeT. Ju-
pmwxabnu crpost B CIIA, Benukobpuranun, @pannuu, ['epmanuu, Kanage, As-
ctpaniun, HoBo#t 3enanauu, Kutae. [lepBoe mecTo cpenu rocyaapctB — MpoU3BO-
nutenen nupmxadnedt 3anumaroT Coenunennsle LtaTtel Amepuku. B crincke ar-
[apaToB, MpeJIaraéMbIX MOKYIaTeasiM aMEpUKaHCKUMU (hUpMaMU, MOKHO HaWuTH
TepMOAUPHKA0IJIU, HEOOIBIINE BO3YIIHBIE TAKCH, alapaThl-THOPUIBI, TPY30BbIC
TAPYKAOIIH.

134



Ho ecnu onsaTh BEpHYTHCS K NMEPBONPUYMHAM HBIHEITHETO JOMUHHUPOBAHUS
B BO3lyX€ aBHALIMM, TO OJHUM U3 KO3BIPEH CaMOJIETOCTPOCHUS HA 3ape MOKOPEHUS
BO3JYIIHOTO IPOCTPAHCTBA II0 CPABHEHMUIO C IHUPUKAOIECTPOCHHEM ObLIa BO3-
MO>KHOCTb CO3/IaHHsI HEOOJBUIMX CaMOJIETOB MHOIOYMCIEHHBIMH 3HTY3HACTaMHU.
CrenaTth caMOJIET ¥ IOJHATH €r0 B BO31YX MOIJIM HECKOJIBKO YEJIOBEK, IS CO3/1a-
HUS U DKCIUTyaTalluu AUpuxkadiia TpedoBanachk Kyda jroaeil. OTcioa cTpeMuTeN b-
HBIM Mporpecc aBUaluy — KaXKIbli MaJIbIil KOJIJIEKTUB JIIOOUTENEH BHOCHI YTO-TO
HOBO€ B KOHCTPYKLHMIO M OCBOEHHE MAIIHMH, YTO MO3BOJWIO NPOQecCHOHaNIaM
OBICTPO IOCTHYb PA3UTENIbHBIX YCIIEXOB B CO3/IaHUU JIETATENIbHBIX alnapaTroB Ts-
Kesee BO3yxa.

Puc. 4. Hosvuii hopmam oupusicabneti 6y0ywezo.

B sTtom pa3pese B Bo3ayxe BUTAET OUYEBHUIAHAS MBICIb: HAUMHATH BO3POXK/IE-
HUE AUPWKAOIECTPOCHHS HAJ0 HE C MHOTOTOHHBIX aIllapaToB, JJIs CO3[aHUs KO-
TOPBIX TPEOYIOTCS HEMaJbIe JIIOJICKHE, MAaTEpPUAIIbHBIE U JCHEKHBIE PECYPCHI, a C
Manbix popm. HeBecombie Matepuaibl, MUHHATIOPHAS 3JIEKTPOHUKA, MUKPOJIBUTa-
TEJIM AI0T IIAHC ONATH C TpUyM(GOM MOAHATHCA B HEOO nupmxabism. Ho He B BH-
Jie THTAaHTCKUX MOHCTPOB — MOKOpUTENel Hebec, a B hopMaTe MUHUIUPIKAOTICH:
HEOOJBIITNX amnmnapaToB Jier4e BO3JyXa ¢ MUKPOJBHUTaTelsIMU Ha OOPTY, MUHHUAII-
napaTypoil IJisl YIpaBJICHUS U OCYIIECTBICHUS MOCTaBICHHBIX 3a/1a4 W OOJIBIIMMU
MepCNeKTUBaMU KOMMepUeckoro npuMenenus [4]. [lpumep nepen riazamu — JIpo-
Hbl. Ho y MuHuanpuxabneid 1no CpaBHEHHUIO C JPOHAMU HECPABHEHHO OOJBIINI
MOTEHIMAI [0 YaCTH 0eCroca0uHOro NpeObIBaHus B BO3AYXE.

A Konu AeNo MoiAeT, MUHUAUPUKAOIN OTKPOIOT JOPOTY B HEOO M MOIIHBIM
KpeiicepaM BO3JYIIHOTO MPOCTPAHCTBA JIErYe BO3AYyXa, KOTOpPbIE B Haydalie Mpo-
UI0ro Beka 4yTh ObU10 [14ThIN OKeaH He MOKOpUIIH, 1a COUTHI ObUIM Ha B3JIETE UC-
TpeOUTENAMH B MPEAIBEPUH JIOJCKON OOWHU, BOIIEANICH B HCTOPHUIO O] Ha3Ba-
HueM Bropas MupoBas BoiiHa, I'/ie HyKHbI ObUIH 3()(PEKTUBHBIE CPEACTBA UCTPEO-
neHus cede noo0HbIX. Jupuxkabiu Toraa Ha 3Ty PoJib HE MOTAHYJIU.
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JAupmxadian kak miargopma 151 BLICOKMX TEXHOJIOT Uil
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Puc. 5. B oupusicabnsax mocym 8oniomumscs He mOoabKo yice
pabomaiowjue mexHoI02Ul, HO U euje He «COeNIaHHble 8 Jicelle3en HapabomKuU.

UTto KacaeTcsi TEXHUYECKON CTOPOHBI, TO B TUPHKAOIISAX MOTYT BOTUIOTUTHCS
HE TOJBKO YK€ paboTaroliyue TEXHOJIOTHMH, HO U €Ile He «CJIeJIaHHbIE B JKeJIe3e»
HapaOOTKH, KOTOPBIE MOKY/a JIUIbh B TOJOBAX WHXKEHEPOB U KOHCTPYKTOPOB CY-
mecTByioT. Heckonpko nmpuMepoB nojieta (haHTa3uy B 3TOM HaIlpaBJICHUH.

CkopoctHol nupuxadiib. CoBpeMEHHBIE CXeMbl KOMIIOHOBKH JIUPHKA0IICH
HE TO3BOJISIOT pacCMaTpuBaTh MX B KauyecTBE YK OOJIBHO CKOPOCTHOTO BHIA
TpaHcmopTa. Ho, UCIOIB3ys B KOHCTPYKIIMHU TUPUKAOJIST COBPEMEHHBIC TOJIUMED-
HbIC MaTepHasbl, U3MEHSS adPOIMHAMUKY 000JIOYKH U KOMIIOHOBKY JBUTATEIbHBIX
YCTaHOBOK [5], mpuMeHsis 3a00p BO3yXa JUIsl IBUTAaTeNIed ¢ HOCOBOW YacTH JTUPH-
*KabJisg, yMEHbIIasi COMPOTHUBICHHE BO3/AyXa 3a CUET «IUIA3MEHHON OOO0JIOUKNY,
MOKHO IIOJIYYHTh amlIiapaTr cO CKOPOCTHBIMHU XapaKTEPUCTUKAMU, CPABHUMBIMH C
MOKa3aTeJsIMH I03BYKOBOW aBUALINH.

Bakyymubiit  qupmwkabiab. CoBpeMeHHBIE KOHCTPYKIIMOHHBIE MaTepHaIIbl
MO3BOJISIFOT HBIHE BIJIOTHYIO 3aHATHCS JaBHUIITHEW MEUTON JTUpUkabiiecTpouTenei
— CO3/IaHMEM BaKyyMHOTO JUPH>KA0JIsl, TJI€ BMECTO HECYIIEeTO Ta3a (JIErKoBOCILIa-
MEHSIIOLIEr0ocsl BOAOPOAA WM BCEMPOHUKAIOMIETO TeNHsl) JJsl CO3[aHUs MOIbEM-
HOM CHJIBI HUCTIOJIb3YETCS pa3peKeHHBIN BO3AyX [6]. B aToM HanpaBieHun ocoOeH-
HO WHTEPECEH BAaKYyMHBIM JUPWKAOIb C ABYMsI pe3epByapaMu: OJIUH JJIsi paspe-
KEHUS U CO3/IaHUs TTOJIbEMHOW CWJIbI, IPYTOW JUJIA CKATOro BO3ayxa. Beixosa BO3-
JlyXa U3 pe3epByapa BbICOKOIO JABJICHUS B HECKOJBKNX HANPABICHUAX IMOPOKIAACT
PEaKTUBHYIO CUJTY JUISl CO3/IaHUs IBUKEHUSI U YIIpaBICHUs qupuxkadieM. B pexu-
Me€ TI0JIeTa — I0/1a4a B pe3epByap BbICOKO JIaBJIICHHSI C HOCOBOW YaCcTH JUPHKAOIS:
CO3/IA€TCS NBWKUTEIIbHASA CUJIA U YMEHBIIAETCA CONPOTUBICHUE BO3AyXa. Brixon
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CKATOTO BO3ayXa 4epe3 coruio JlaBans mis mostydeHus OONBIION CKOPOCTH UCTE-
yeHus1. Bo3aMoxkeH moaorpeB JJisl yBEIUUYEHUS CKOPOCTU UCTEUCHUS BO3/1yXa.

Jupuxabib ¢ qBUraTeNieM Ha CXKaToM Bo3ayxe [7]. DHepruro ckaToro BO3-
JyXa MOXKHO MpeoO0pa3oBaTh BO BpAIllEHHE BUHTOB AUPHKAOIISL, NPUBOJAUMBIX B
JIBIDKCHHE 3a CUET UCTCUCHHS BO3/lyXa M3 COMEJ, PACIOIOKEHHBIX Ha KOHIIAX JIO-
nacteid BUHTOB. J[Jis moBbIIeHUST 3P(HEKTUBHOCTH WCIOIB30BaHUS YHEPTUM CXKa-
TOTO BO3/yXa, €ro Mojladya B COIJIa JIOJKHA OBITh HE MOCTOSHHOM, a TepHoInye-
CKOM («pe30HAHCHON» — YBS3aHHOU C COOCTBEHHBIMU YaCTOTaMU BUHTOB) U PETY-
JUPYEMOM MO pacXoAy W HANpaBJICHUIO UCTEUCHHS Bo3ayxa. JloikHa ObITh Mpey-
CMOTpPEHa BO3MOKHOCTh 3aIlPABKU CXKAThIM BO3JYyXOM OT BETpa, KaK Ha CTOSHKaX
3a cuer QuIroreprpoBaHUs BUHTOB Ha BETPY, Tak U B moJiere. Betep u3 Bpara nu-
pUKaAOIIS JOJKEH CTAaTh €r0 TOMOIIHUKOM.

Hupwmxabib u3 asporeinis. B HacTosiee BpeMst CyleCTBYIOT TEXHOJIOTHU CO-
3MaHUST TIOJIMMEPHBIX MaTEpUaliOB, BCIICHEHHBIX MHEPTHBIMU Ta3zamu. Mcmonb3y-
I0TCSI OHH, TJIABHBIM 00pa30M B KaueCTBE TEIUIO- M 3BYKOU3OJUPYIOIIUX MaTepua-
noB. Ho cBepxyerkuii moaMMepHblid MaTepua, BCIICHEHHBINA TEIUEM — UACaIbHbIN
KOHCTPYKIIMOHHBIA MaTepuan Jjis nupuxkadiei. M3 Hero MOKHO M3roTaBIMBATH,
MHOTHE 3JIEMEHThl KOHCTPYKIIMU TUPUKAOJIs, BKIrOYasi U ero 06oouky. Emie nH-
TEepecHeE B 3TOM IuiaHe a’porenu [8]. [IpuueM HamosHEHHbIE HE BO3AYXOM, a Te-
aueM uian BoaopoaoM. C TOHKOW OOOJOYKOM JIJIsi 3aIUThl a’poressi OT BO3JCH-
CTBUS BHEUIHEN CpPELBI.

Hupmwxkabnb-nazep. Mcnonb3oBaHue B KadecTBE HECYIIErO rasza TelHii-
HEOHOBOM CMeECH, SIBIISAIONICHCA aKTUBHOW Cpedou aiig ra3oBoro jasepa [9], oT-
KpPBIBAa€T BO3MOXKHOCTH CO3/IaHMs Jiazepa Ha Iuiatopme reinii-HeOHOBOTO TUPH-
#abJis, T1e Ta3oBas cMech Oy/IeT U HECYIINM Ta30M, U aKTUBHOM JIa3epHOM cpeoit
OJIHOBpeMeHHO. TexHuueckue npoOaeMbl, CBSI3aHHbIE C O0CTHEHUEM HIDKHETO Jia-
3€pHOr0 YPOBHS I€JMI-HEOHOBBIX J1a3€pOB, KOTOPOE CeHYac OCYIIECTBISIETCS Y-
TEM COYJIap€HHs] O CTEHKH pPE30HATOpa, HE IMO3BOJISAS YBEJIMYHUBATH Pa3MeEpbl U
MOIIIHOCTb T'€JIMI-HEOHOBBIX JIA3€POB, MOYKHO PELINTH, BOJS B AKTUBHYIO 30HY J10-
0aBKkH, pa3zpylaloie BTOPOi YHEPreTUYECKU YPOBEHb aTOMOB HEOHA.

COopubiii nupuxabnb. [IpenmyniecTBa KOHCTPYKIIMM — U3 MUHHUIAPHKAO-
Jel MOXXHO COOMPATh Pa3IUYHBIC TUITBI OOJIBIIUX JUpHKaOIeH. Kakaplii MUHUIH-
prkabib — (QYHKIMOHAIBHBIA 3JIEMEHT OoJbIIoro aupukadmis. Vcmonbp3zoBanue
TATH MaJIbIX AUPWKA0Ie sl IBYKeHUs Oonbinoro Aupwkadms. TsHymas o6o-
JIOYKa — PaCIOJIOKEHHBIC MO MOBEPXHOCTU TUPIKAOIS MUHHIUPUKAOIU OymyT
NpeACTaBIsATh CO00M 000JI0UKY-IBHKHUTENb. PazOupascs u codupasicb Ha X0y Ha
MUHUIUPHKAOIH, OOJBIION MUPHKaOab CTaHET MHOTO(YHKIIMOHATBHBIM. Kax-
JbI MUHUUPUAKAOIB JOJKEH CAMOCTOSATENIBHO pelIaTh ONMPEACICHHYIO 3a/1a4y.

3aHuMAaThCH BBICOKMMM TE€XHOJIOTUSIMH HaAo0 Urparn4in

Ho »T0 Bce 3aceuku Ha Oynyuiee. A eclii UCXOJUTh U3 TOr0, YTO €CTh Ha Ce-
TOJIHS, TO YCIEUIHbIE MPOJAXKU AUPHKAOICCTPOUTENSIM MOXKET OOECIEeUuTh He-
OOJIBILION paANOYIPaBIAEMbI IUPHUKAOJIb C MUHUATIOPHOW BUACOKAMEPON XOpO-
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IEr0 Pa3peKEHUsd B KOMIUIEKTE C NOPTATUBHOM CHUCTEMOM BOCHPOU3BEICHUS
n3o0paxeHus. Takas cucteMa JA0JKHA JJaBaTh YETKYIO KapTUHKY, OTKPBIBAIONIY 10-
Cs Ha OKPECTHOCTU C BBICOTHI NMTUYBETO Mojera. Jupnxadiab qomkeH obecredu-
BaTh BBICOKYI) MAaHEBPEHHOCTb, XOPOIIYIO YIPaBIsE€MOCTh, MOJEThl B HeOmaro-
IPUSTHBIX TMOTOJHBIX YCIOBHUSX (CHJIBHBIM BETEp, HU3KHE TEeMIEpaTyphbl, aTMO-
chepubie ocaaku). Torma OyaeT cipoc HA MUHUAUPHKAOIU CO CTOPOHBI OXOTHHU-
KOB, PbIOOJIOBOB, UCCIIEOBATECH KUBOU U HEXKUBOM MPUPO/IBI.

Bropouem, BBICOKMMH TEXHOJOTUSIMUA HaAO0 3aHuUMatbcs urpatouun [10]. B
ATOM ITUTaHE MUHUJIUPUIKAOIb MOXKET CTaTh OCHOBHBIM 2JIEMEHTOM HUTPOBBIX KOM-
IJIEKCOB TakuX, Kak «[lumot», «Bo3aymHseiii 60i», «'onkuy, «Cymo», «Ilouck
COKPOBHII» Y TPOUMX PA3BICUCHUN JIJIs I€TEH U HE TOJIBKO.

K mpumepy, cocraB urpooro komiuiekca «I[Iuior»: paauoynpaBisieMblil
MUHUJIUPUIKAOIL, BHACOKaMepa Jis MUIOTHUPOBAHUS HEMOCPEICTBEHHO C JIUPH-
XKa0J1s, IJIeM ¢ TPUEMHUKOM M300paKEHUSI U BCTPOCHHBIM JIUCIUICEM JJIsS YIIpaB-
JICHUSI TUPUKAOIEM, OpTraHbl JUCTAHIIMOHHOTO YIIPABIECHUS MUHUIUPUKAOICM.

Urpopoit komruieke «['OHKW»: HECKOJIBKO MUHUIUPUIKAOIEH B KOMIUICKTA-
M1 UTPOBOro KomIuiekca «I[1umor».

Urposoit komrieke «Bo3aymiHeiii 00i1»: KOMIUIEKT U3 JIByX Habopos «Ilu-
J0T», MUHUJIUPUIKAOIU JOTMOJHUTEIIEHO 000pYAOBaHBI JIa3€pOM IS BeAeHUs 005
u poromaTyukamu s GUKCUPOBAHUS TTOPAKEHUST TUPHUKAOIs MPOTUBHUKA, (O-
TOJIATYMKU MPOTPAMMHO CBSI3aHBI C CUCTEMaMU YIPABICHUS U KU3HEOOECTICUSHHUSI
IUpKa0as Uil BKIOYeHUs nporpammbl «llopaxenue», kKotopas OJIOKHpYET
yIpaBlieHWE U MPOYHE CUCTEMbI JAUPUKAOIS MPU €ro MOpPaXKEHUH Jia3epoM Mpo-
TUBHUKA.

Urposoit komruiekc «l[lunoT-HaOmrogaTenby: paauoynpaBiseMblii MUHUIU-
prKadIb I BUAEOHAOMIOAeHS U doTorpadupoBaHuss MECTHOCTH, (oToKamepa
Ha naupwkadne ais GOTOCHEMKH, BUJEOKaMepa Ha Juprkadiie sl mepenadu
U300paKeHUs, IUIEM C MPUEMHUKOM HM300paKEHUSI U BCTPOCHHBIM JIUCIIIICEM JJISt
yIpaBlIeHUs AUPUKAOIEM U MPOoBeACHUS (POTOCHEMKH, OPTraHbl TUCTAHIIMOHHOTO
yIpaBlieHUs MUHUIUPIKAOIEM, MporpaMMa COCTABJICHHUS KapThl MECTHOCTH Ha
OCHOBE a3pP0(POTOCHEMKH.

UrpoBoii koMiuiekc «CyMo»: 1Ba paAHOYIpPaBIIEMbIX MHUHUIUPHKAOIS C
BUJICOKaMEpaMu IS MIOTUPOBAHUS HETIOCPEACTBEHHO C AUPHKAOIIS U IIIIEMaMH
C MMPUEMHUKAMH M300paKeHUsI ¥ BCTPOCHHBIMH JUCIUICEM ISl YIPABJICHHS TUPHU-
*ablieM, JBa KOMIUIEKTAa OPTaHOB TUCTAaHIIMOHHOTO YIPAaBICHUS MUHUIAUPUIKAO-
aeMm, cucteMa (PUKCHPOBAaHMS BBIXOJIA TUPMKAOIS 3a Mpeaesbl OOPIIOBCKON ILI0-
HIaJKU.

Urposoii komruieke «lIouck COKpOBUII»: paJHOyIpaBiIsieMblii MUHUAUPHU-
*abIb, BUACOKamMepa Il MUJIOTHPOBAHUS HEMOCPEICTBEHHO C JUPHIKAOIS, IUIEM
C MPUEMHHKOM H300pa)K€HUsI M BCTPOEHHBIM JIUCIUIEEM JJIsl YNPABICHUS JUPU-
*abyeM, OpraHbl JIMCTAHIIMOHHOTO YIPABICHUS MHHUAUPHKAOIEM, KOMILUIEKT
«COKPOBHII» - PAAUOMASKOB MAJIOTO pajgnyca ACUCTBUSA, TPUEMHUK CUTHAIOB OT
«COKPOBHII.
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OtpaboTKa NUIOTUPOBAHUS MUHUIUPHKAOISIMHU B MPOLIECCE IKCILTyaTalluu
UTPOBBIX KOMILUIEKCOB MO3BOJUT AUPHUKAOIECTPOUTENSAM 3aHATHCA U B3POCIBIMHU
UTPYLIKAMMU.

IIpo0Jiembl nupuKadIei ceroiHsi He B TEXHHKE, a B
MCUXOJIOTHH

Ecnau BepHYThCS K TOJTHOpPa3MEPHBIM TUPUKAOISAM, TO IJII HOPMaJIbHOTO
MY>KMKa BCTaTh 3a IITYPBajJOM COBPEMEHHOTO BO3IYIIHOTO KOPAaOJs U MOPYIUThH
HaJ| 0€3/10P0KbhEM Ha 3aBUCTh 00JIee MPU3EMIICHHBIM TOBapuIamM — 3To kpyto[ 11].
Brnanenbupl «JIlaMOOpIKUHUY» U SXT OTABIXAIOT. A IS OU3HEC-JIEAH elle Kpyue.
[Togpyru npocTO YMPYT OT 3aBUCTH.

Uto Kacaercsi YUCTO TEXHUYECKUX BOIPOCOB, TAKUX KaK CKOPOCTb, Jajlb-
HOCTh U TPOJIOJDKUTEIBLHOCTh TOJIeTa, KOM(OpPTAOeIbHOCTh KalOT, KOTOphIE Ha
JAHHBII MOMEHT MOTYT HE€ YCTpauBaTh MPUBEPEIJIUBBIX KIMEHTOB, TO 3TO JHUIIb
BOIIPOC BPEMEHHU W JieHeTr. byayT 3aka3el — OyJIyT COOTBETCTBYIOLIUE allllapaThl.
Ecin yx B Havase nmpouuioro Beka B OAHOW ['epMaHum CO cTaresen CXOIUIo 1o
HECKOJIBKO JECATKOB LENNEINHOB B o/, TO B Hayasnie XXI Beka HanaauTh UX Mac-
COBOE MIPOU3BOJICTBO — HE TIpodIeMa.

I'maBHas npoGiema nupukadiel ceiiuac B ICUXOJIOTHH, a HE B TexHuke. Ho
3Ta TpobiieMa TOMEHSIET CBOIO MOJISIPHOCTh, M OOPATUTCS aXKHOTaXHBIM CIPOCOM
Ha BO3JYIIHBIE SIXThI B CPElle BEPXYILIKH CPEIHETO KiIacca, KaK TOJIbKO HECKOJBKO
YaCTHBIX TUpHKabiel moqHuMyTcs B He6o. ToT, KTO 3TO caenaer, COpBET HEerlo-
XOM KylI, 1a ¥ B UCTOPUIO BOMJET, KaK POJOHAYAIBHUK BO3POKIECHHOTO BO3AYyXO-
IJIaBaHHUS.

Ha 3ape moaBomHOro ¢uiora cyOMapuHbl MOTJIM MPOOBITH MOJ BOJOW CUH-
TaHHbIE MUHYTBHl U JBUTAINCh CO CKOPOCTBIO yTOMJIEHHOro mnemexoaa. Ceituac
OHH B MOJBOAHOM TOJIO)KEHUH OTUOAIOT 3€MHOM IIap W JOTOHSIOT HAJBOJHbBIE KO-
pabmm, waymme 1mo koManjae «Camblil TIOJTHBINY.

Ha 3ape aBmamum camoneTsl ObUIM TUXOXOJHEE HBIHEIIHUX AUPUKAOIeH u
MOTJIA C TOPEM MOMOJIaM MEePEBE3TH JIMIIb OJHOro nuiaoTa. Ceiiyac OHU onepexa-
IOT 3BYK W TEPEBO3AT HECKOJIBKO COT MACCAXKUPOB CO BCEMHU aTPUOyTaMH KOM-
(GOPTHOTO MyTEIICCTBUS.

Ha 3ape komnprorepu3aniy BEIYUCIUTEIBHBIE KOMIUIEKCHI 3aHUMAJH LIEJIbIE
3aHUS ¥ PACUCThl BBIIOJHSIA CO CMEXOTBOPHOM IO HBIHEHIHUM MEpPKaM CKOpO-
cthto. Ceityac... He coBpeMeHHOMY YeJOBEKY MPO HBIHEIIHHE BO3MOMXKHOCTH KOM-
BIOTEPOB OOBACHSITH.

Takas xe crpemutenbHas MeTamopdo3a — OT BO3AYIIHBIX MY3BIPEH ¢ MO-
TOPYUKOM JIO MOITHBIX BIACTEIMHOB Heba — M C TUPMXAOISIMH TIPOU30UIET, €CITU
VMH BCEPbE3 3aHATHCA.

C nupmxabisiMu Kak ¢ HAHOTEXHOJIOTUSIMU MOJIy4niIock. B moroune 3a cpen-
CTBaMH JIJII YHUYTOXKEHHSI ceOe MOJOOHBIX YEJIOBEUECTBO MPOCKOUYMIIO HAHOpA3-
MEpPHYIO CTPYKTYPY MHpa, 1€ JEKUT KIY K TAUHCTBY NPEBPAILLCHUS HEKUBOU
MaTepuu B KUBYIO, U 3aHSJIOCH SAEPHBIMU JenaMu. Takxke U ¢ nupuxkadiasmu. B
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npeaaBepun OOJBIION BOWHBI YEJIOBEYECTBO 3a0pOCHIO AUpPHKAOJIECTpOECHUE U
OpOCHIIOCH CTPOUTH CHayalla CaMOJIETHI, a IOTOM PAKEThl, KOTOpbIE 00Jiee MOAXO0-
JAT JJ1s1 IpOoJaMbIBaHMs yeperna OJMuKHEMY CBOeMy, Hexenu auprkadnu. Ceitvac
YeJIOBEYECTBO CIOXBATUIIOCH U OOPATHIIOCh K HAHOTEXHOJIOTUSIM.

JAnpuxadaum qast Poccum

[Tpunuio Bpemst u npo auprkadiaecTpoeHue BcnoMHUTh. OcobenHo B Poc-
cuu. Kakoii-unOynp HIBelinapuu aupuxadiam 0oco00 HE HYX HBI: YTOOBI Mepeceyb
€e BJIOJb M MOMNEPEK J0CcTaTtouHo Benocunena. ns Ilraros, rae, kctaTu, AUpHU-
XKaOJIsIMU BECbMa TUIOTHO, 0CO00 TOCTHXEHUs He apuImpys, ceiuac 3aHUMArOTCS,
OHU HMHTEPEC MPEACTABISIOT JHUIIb KaK CPEJCTBO JOCTAaBKH CBOMX HMHTEPECOB B
dbopmaTe BOMHCKOTO KOHTHMHTEHTa B MOJHOW aMyHUIIUM B OTAAJICHHBIC YTOJKH
miaHeTel. Ecth eme u Kuraii, HO 3Ta Tema Tam emie OoJjiee 3aKphbiTa, HEXKEIU B
AmMepuke.

Hpyroe neno — qupwxkadnu ais Poccuu. [IpoekT Bo3poxaeHus auprxkadiie-
cTpoeHus B Poccru MOXKET CTaTh aHAJIONOM COIO3HBIX MPOEKTOB — ATOMHOTO U
KOCMHYECKOTO — IMOCKOJIBKY JTUPUKAOJIECTPOCHUE TSHET 32 CO00M MHOXKECTBO OT-
paciiei, Kak TpaJuLIMOHHBIX, TAK U TOJBKO 3apOKIAOIIUXCS.

[TonuTnyeckas coctapistomias nmpoekra «Jlupmwkadiu Poccuny. upuxadan
HaM ceiyac HyKHbI Kak Bo3AyX. JlJis eIrHEeHHs epKaBbl B eIMHOE Lienoe. MHaue
pacnaj Ha yneibHble KHsbkecTBa. [lopByT Hac, HamM OJMKHUE U JAJIbHUE COCEIH
1o 1iaHeTe. M HalM e MECTHBIE yIeJIbHbIE KHA3bSI UM B 3TOM JIEJIE €IlE U MOMO-
ryT. A MBI B 3TOM Jieie pa3Bana OTUYHM3HBI JIMIIb CO3EPLATENSIMUA OKaKEMCSI, €CIIH
oTna’ieHHbie yroiku Poccun He OyAyT CBs3aHBI B OJTHO 1I€JI0€ CO BCEMHU PErMoOHa-
mu Poccum equnoit TpancnopTHOM cucteMoi. 'ne qupwkabmu nns Poccun — ca-
MBIl ONTUMAJIbHBIA BapuaHT. Hapsny ¢ yxe CymecTBYIOIIUMHU TPaHCHOPTHBIMU
apTepUsIMU CTPaHBI.

Hayunas cocrapnsromas npoekra «Jlupmwkadmu Poccumn». Ilo xomy paboTsl
¢ nopranamu HOP ga u g0 Toro mpexnae yXe Ha NPOTSHKEHWH MHOTHX JIET o
HA0JII0/1a10 OJTHY U Ty )K€ KapTHHY: €CTh MHOKECTBO Pa3IMYHBIX HHTEPECHBIX MEP-
CIEKTHUBHBIX Pa3pabOTOK M MPOEKTOB PAa3HOW CTaIUU TOTOBHOCTH, KOTOPHIE OJHO
POJIHUT — HE UJYT OHM JAJbIIEC CTAAUU HAYYHBIX pa3pabOTOK W Onarux moskena-
Huil. HyxeH rinobanbHbIi 0TpaciaeoOpa3yromuil TPoeKT, Ky/ia Obl BCe OTIACIbHBIC
NIPOEKTHI JIETJIN, KaK Ma3Jibl B AUHYI0 KapTUHY, U KOTOPBIN MOTAHYN OBl 32 cOOO0M
Bce oTpaciu. TakoBbIM npeacTaBiseTcs NpoekT «upuxadau Poccuny.

Kommepueckas coctaistomas npoekra «lupmxadnu Poccum». Ceituac, no
OonbpIIOMY cUeTy, nupuxkabiu Ha Pycu He HyXHBI HU OOBIBATEINSIM, HH yYEHBIM,
HU npaButessiM. Ho To moka, rmokyaa He HaieTcs cyMacOpo/1, OJIepKUMBIN Ujaeei
Y BJIaMBIBAIOIIUICS B OM3HEC, Kak TaHK B Oepesku. [1o gacTu 3amycka quprmkadiieit
B HEO0 Poccum ¢ Becomoil KOMMEpPYECKOW OTaadeld HYKHBI, B MIEPBYIO OUYEpEe/b,
3aMHTEPECOBAHHBIE JIMIIA C OOJIBIIINM HUHTEPECOM YHCTO K BO3yXOILJIABAHUIO, YTO-
OBl HE MX CaMMX IMOJTAJIKWBATh MPUIILIOCHh, 4 OHM CaMU THAJIM «JaBaii-aaBaii!», u
MPUINYHBIMU (PUHAHCOBBIMH BO3MOXKHOCTSIMHU. He MummapaHsiMu, HO 10CTaTOU-
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HBIMU JJIsI TOTO, YTOOBI MOMEPBOHAYATY 3a MOKA Majble IEHbI'M CKYNUTh aKIMU U
MepcoHa, BIUIOTh JO PYKOBOJCTBA, HEOONBIINX KOMMAHUN, 3aHUMAIOIIUXCS JIH-
puxabasaMu. YToObl MOTOM CBECTH BCE B €UHBIN MPOEKT B hopMaTe pOCCUMCKON
TUpUKA0JIECTPOUTELHON KOMIIAHUHU, 3aHUMAIOIIEHCs] BCEM, YTO B BO3/IyXe IUIaBa-
eT: OT APOHOB 110 Kperncepos [Isaroro okeana. 1 Ha ToM nHBecTULIMU BepHYTh. Hy,
elle U MHTEpHET ceilyac MoJj pyKod ecTb, MOCPEACTBOM KOTOPOrO YepTa CAenaTh
MOKHO, U HUKTO U3 YYACTHUKOB MPOEKTA TaK HUKOTJA U HE Y3HAET, YTO MPUIIOKII
PYKy K co3aanuto yepta. Ho 310 yxe O6omblie K COXpaHEHUI0O KOMMEpPUYECKO# Tail-
HbI oTHOCUTCS. 10 yacTu, Kak ee COXpaHUTh: PACCKaXH BCEM, HO HE BCIO.

A HBIHEIIHHE TEXHUYECKUE U TEXHOJIOTHYECKHE BO3MOYKHOCTH OTKPBHIBAIOT
HE0003pHUMBbIE MEPCTICKTUBBI JIJIs JICTATEIBHBIX alMapaToB Jierde BO3/yXa, BIJIOTh
JI0 UX MCTOJIb30BaHMS MPU UCCIIECIOBAHUM M OCBOeHUHM Ti1aHeT COoJTHeYHON CcCUcTe-
MbI. ATMOcdepa ecTh Jake Ha CIYTHHUKAX TUTAHET, U HapsAy ¢ UX UCCIICIOBaHUSI-
MU CHJIaMH MapCOXOJI0B U TTPOUYUX XOJOKOB IO MOBEPXHOCTHU, MPEICTABIISIETCS 00-
Jiee MEePCIEKTUBHBIM MCCIIEI0BATh HAITUX OJU3KUX U JTAJIbHUX COCEEH M0 KOCMO-
Cy C TIOMOIIIBIO JIETYHOB C BBICOTBI IITUYBETO MOJIETA C BO3MOKHOCTBIO MOCAJKH U
B3JIeTa B HY’)KHOM MecTe. M MOOMIBHOCTD Ha MOPSIOK BhIIIE, U 0030p modosie. Ho
TO TaK — (haHTaCTHKA OmkaiIero Oyaymero.

Bo3zBpatasich k jesnam 3eMHBIM, CIEAyeT OTMETHTh, YTO HanboJiee mepcrek-
TUBHBIM CIIOCOOOM TIOJTYYEHHUsI TIOJIbEMHOM CHIIBI TUPHKAOJICH SBIsSETCS HE 3aKa-
YiBaHUE B 000JIOUKY JIETKOT'O HECYIIEro rasa, a co3JaHue BHYTpU 000JIOYKH pas-
pesxxenusi. OcHOBHas pobJieMa 37eCh — CO3/IaHue JIETKOW, HO MPOYHON 000JIOYKH
JUTSL yepKaHus pa3pexeHus: 0e3 moTepu Hecyuen crnocoOHOCTH 000JI0UKH (3/1eCh
IpUPO/Ia MOACKA3BIBAET PEIICHUE B BUJE KECTKOTO Kapkaca B ¢popMme (yIiepeHa,
OOTSHYTOTO JIETKUM 3JIACTUYHBIM MaTEpHAJIOM, HE IMPOITYCKAIOIIMM BHYTPb 000-
JIOYKA KOMIIOHEHTHI BO3/yXa) U HaJIM4uUg Ha OOPTY BaKyyMHOT'O JUPH>KAOJs Jer-
KHX MEXaHU3MOB JJIS1 CO3/IaHMSI PA3pSKEHNS — BAKYYMHBIX HACOCOB.

C mo3uIuu KOHCTPYKIHMHU IUprkabiel Oyayiero mpencTaBlisieTcs HHTe-
PECHBIM MHXKEHEPHOE PEeIlIeHUe, Te AUPUKAOIb MpeCTaBIseT coO0N HE equHOE U
HEAEIUMOE 11eJI0€ TI0 THITY OJTHOM HecyIlel 000JI0YKH WM HECKOJIBKUX pe3epBya-
POB IJIsI CO3JaHUS MOJBEMHOW CHIIBI IOJ OJHON 000JIOUKOH, a COOpPHYIO KOH-
CTPYKIIMIO C MEXaHHW3MaMH CaMOCOOPKH, KOTJIa CO3/arolias MOJABEMHYIO CHIY
KOHCTPYKILHSI KOMILJIEKTYETCSI U3 CTHIKYIOIIUXCS MEXAY COOOW 3JIEMEHTOB, KaK-
IbI U3 KOTOPBIX CO3JAeT MOABEMHYIO cuiy. [loMumo co3paromux MoaIbEMHYIO
CUITYy 2JIEMEHTOB KOHCTPYKIIUU TUPUKAOICH K HUM JOJKHBI CTHIKOBATHCS U CHIIO-
BbIE YCTAHOBKHM, U CHUCTEMbl YIPABICHUS, U HABUTALIMOHHOE OOOpyAOBaHUE, U
npuOOpkI, anmapaTypa ¥ MEXaHU3MBbI JIJIsl BBITIOJTHEHUSI KOHKPETHOW 3a/1auu TUPH-
xabins, Oyap TO BUIACOHAOIONEHNE, MOCTaBKAa TPY30B M MACCAKHUPOB, TYIICHHE
MOXKapOB, y4acTHE B JIPYTUX CHAcaTeNbHBIX Olepalius, npoyee. Bce 3To HaBecHOe
000pyI0BaHNE TOJDKHO UMETh BO3MOYKHOCTD JIETKOW CTBIKOBKH TSI OOhETMHECHUS
B OJIMH amnmapar ¢ BO3MOXKHOCTBIO OBICTPOU TpaHChOpMaIuu JTUPrHkadist o pe-
IIEHWE KOHKPETHOW 3ajauu. B mepcrnekTuBe BUIUTCS BBIXOJI UMEHHO Ha TaKHe
KOHCTPYKTHBHBIE PEIICHUS MIPU CO3JaHUU TUPUKAOTIECH.

141



Bo3MoxkHOCTH yenoBeka He Oe3rpaHUYHbl, HO BETUKH 10 yxaca. OcoOeHHO
MIpPEeyCIeau Mbl B CO3JJaHUU YCTPOMCTB JUIsl YHUUYTOXKEHUs cebe nmogoOHbIX. B 00-
JACTH BOEHHOI'O JeJia LIEAEBPbl MH)XEHEPHOM MBICIU TOpa)XarT BOOOpakxeHHe
oObiBaTens. Ham Obl Bce 3TH (pHAHCOBBIE M YEIOBEUYECKHUE PECYPCHI, MOTPaYECH-
HbIE Ha BOWHY, Jla B MUPHBIX 1IesiX. Benp 1ienenanpapieHnas pabora 0HOTO MY/ -
pOro opraHu3aropa, AecsTKa TOJI0BACTBIX UHKEHEPOB, COTEH XBaTKUX TEXHUKOB U
TBICSIY YMEJBIX pa0OTAr MOXXET B CUMTAHHBIE T'OAbI MPOU3BECTU TaKOM PHIBOK B
TEXHHUKE, PO KOTOPBII aBTOPUTETHBIE 3KCHEPTHI B OJIUH T0JIOC OYAYT 3asBISTh
KAk 0 (paHTaCTHKE WM B JIYUILIEM CIydyae OYeHb OTAAJICHHON NEPCIEKTUBE, MTOKYyAa
sTa (haHTACTUKA HE CTAHET SIBbIO. A KOrja (paHTAaCTHKA CTAHET SIBBIO, T€ YK€ JKC-
nepThl HanepeOoil HAaYHYT AOKa3bIBaTh, YTO MHAYE U ObITH HE MOTJIO.

JAnpmxadamn 10JKHBI pad0oTaTh

|

4

Puc. 6. lupuscabau oonxcnvl pabomams na nHawe Oyoyuee.

UToOBI BO3POIUTH TUPHKAOIECTPOCHUE KaK OTPACIhb HAPOJHOTO XO35UCTBA,
Majo Hay4YuTh OUpuxabnu netarb. Hamo Hayuuts ux padotath [12]. OnHu yact-
HbI€ UHBECTOPHI 3TY HOLIY MOKA HE MOTSHYT: JAAJIbIIE€ KOMMEPYECKOrO0 UCIOJIb30-
BaHMs JHpHKa0iaeh B cdepe dIUTHOrO Typusma ux ¢aHTasuu He xBartaer. Ho
YaCTHUKHU TMOTAHYTCS Jajblle, €CIM MOYYBCTBYIOT 3aMHTEPECOBAHHOCTh B 3TOM
Jieie TOCYJapCTB B BHJIE 3aKa30B TOCCTPYKTYP M TOCKOIOpAIMi Ha pa3pabOTKy
TUPIKa0Ie pa3TuYHOr0 Ha3HAYCHUS: JJI MIPOBEICHUS CIIacaTeNbHbBIX OTIEPAIIHid
U TYIICHHUS JISCHBIX MOXKapOB; JUIsl BUJICOHAONIONCHHS 32 TPAHCTIOPTHBIMH Maru-
CTpalisiMi, BKIItoYast He(pTe- U ra30mpoOBObI; I CO3JaHUSI MOOUIBHBIX IIEXOB IO
nepepadoTKe CeTbXO3MPOAYKIIMU W JApOB MPUPOIBI; JUISl CO3AaHUS MOOMIBHBIX
ANEKTPOCTAHIUN; JJIsl TPY30MaCCAKUPCKUX MEPEBO30K, BKIKOYAs CO3/aHHUE Tepe-
BaJIOUYHBIX IIYHKTOB, B KAUE€CTBE MPOJOJIKEHHS MPOTSIKEHHOCTU IEUCTBYIOIINUX aB-
TOMOOMIIBHBIX, KEJIE3HOIOPOKHBIX, BOJHBIX M aBHAITMOHHBIX MaruCTPaei.

Ecnm ke BO BCIO MIMph B3TIIAHYTHh HA BO3MOXHOCTH JTUPHKAOIEH, TO 3TO
HBIHE 3a0BITOE TPAHCIIOPTHOE CPEICTBO, MOMUMO YUCTO YTUIUTAPHOW (DYHKIIHH
JIOCTaBKH T'PY30B U MACCAKUPOB U B JIIOOYIO TOUKY 3EMHOTO I1apa, MpeICTaBIsIeT-
Cs YHUKaJIbHOU MiaTopMOM IJsi pa3BUTHUSI HOBBIX TEXHOJOTMH M BOIUIOUICHUS
HECTaH/IAPTHBIX UHXKEHEPHBIX perieHui. 1 ToT, KTo mogHUMET qupuxKadiIu HA HO-
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BYIO BBICOTY B HallleM MHUpE, HaBCErJa BOMAET B UCTOPHUIO YEJIOBEYECTBA HE IPO-
CTO KaK KpPECTHBIM OTEl] MUPOBOI'O BO3AYXOIJIaBaHUS (POJAHBIM OTLOM-TO OCTaHET-
ca Oepaunann llenmnenns — 4enoBeK, KOTOPBIA HA CEABMOM JECATKE JIET MOMHAI
IIPOEKT, B KOTOPBIA HUKTO HE BEPUJI, U YbUM MMEHEM CeHlyac Ha3bIBalOT BCE BO3-
nyumHeie kopabnu [Iaroro oxeana — nqupuxadnau sxectkoil konctpykuuu LIEITTTE-
JIMHBI), a emie 1 MpoBO3BECTHUK HOBOT'O MOAXO0Aa K HE3aCTyKEHHO 3a0BITHIM HO-
BallUsAM IIPOILLLJIOTO.
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/ http://www.tc.gc.ca/eng/ctareview2014/pdf/University%200f%20Manit
0ba%20-%20Asper%20School%2001%20Business%20-
Transport%20Airships%20for%20Northern%20Transportation_final.pdf
Alec Johnson, David Arthur, David Mosher, CBO’s National Security
Division. «Recent Development Efforts for Military Airships» (2011)

/ http://fas.org/irp/program/collect/cbo-airship.pdf

«Mini Indoor R/C

Blimp» / https://www.youtube.com/watch?v=17dV2B1M1dU

«High speed airship structure», United States Patent Ne US 8439294

B2 / https://docs.google.com/viewer?url=patentimages.storage.googleapi
s.com/pdfs/US8439294.pdf

Sean A. Barton, Florida State University. «Airship Buoyancy Control
Using Inflatable Vacuum Chambers» (2011)

/ http://www.enu.kz/repository/2011/ATAA-2011-1717.pdf

Naveen Kumar, Utsav Banka, Manas Chitransh, Jayati Takkar, Vasu
Kumar, Unish Gupta, Sushant Singh. «Compressed Air Retrofit Kit for
Existing Motor Vehicles» (2013)

/ http://www.iaeng.org/publication/WCE2013/WCE2013 ppl1913-
1918.pdf

Lorenz Ratke, Institut fiir Materialphysik im Weltraum. «Aerogels -
Structure, properties and applications»

/ http://elib.dIr.de/72455/1/Aerogel-Applications-2011_k.pdf
«Helium-Neon Laser» / http://www.chipdip.ru/en/video/id000281168/

. «RC airship training (team «Windreiter»)»

/ http://www.youtube.com/watch?v=iizstfT9zfw
«Flying on a blimp over St. Petersburg»

/ http://www.youtube.com/watch?v=7Msvtful T1I
«They must be taught to work»

/ http://www.youtube.com/watch?v=zcvowxXv{fd0

143


http://hmongbuy.com/RDhwNk5qcEMwcGMz
http://www.tc.gc.ca/eng/ctareview2014/pdf/University%20of%20Manitoba%20-%20Asper%20School%20of%20Business%20-Transport%20Airships%20for%20Northern%20Transportation_final.pdf
http://www.tc.gc.ca/eng/ctareview2014/pdf/University%20of%20Manitoba%20-%20Asper%20School%20of%20Business%20-Transport%20Airships%20for%20Northern%20Transportation_final.pdf
http://www.tc.gc.ca/eng/ctareview2014/pdf/University%20of%20Manitoba%20-%20Asper%20School%20of%20Business%20-Transport%20Airships%20for%20Northern%20Transportation_final.pdf
http://fas.org/irp/program/collect/cbo-airship.pdf
https://www.youtube.com/watch?v=l7dV2B1M1dU
https://docs.google.com/viewer?url=patentimages.storage.googleapis.com/pdfs/US8439294.pdf
https://docs.google.com/viewer?url=patentimages.storage.googleapis.com/pdfs/US8439294.pdf
http://www.enu.kz/repository/2011/AIAA-2011-1717.pdf
http://www.iaeng.org/publication/WCE2013/WCE2013_pp1913-1918.pdf
http://www.iaeng.org/publication/WCE2013/WCE2013_pp1913-1918.pdf
http://elib.dlr.de/72455/1/Aerogel-Applications-2011_k.pdf
http://www.chipdip.ru/en/video/id000281168/
http://www.youtube.com/watch?v=iizstfT9zfw
http://www.youtube.com/watch?v=7MsvtfuITlI
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VJIK 69.001.5

IKOJIOTHYECKAS] APXUTEKTYPa, KaK pe3yJbTaT CHHTE3a
TeXHOJOIMH

JIromomckun H.B.
MBOPYECKUll pYKOBOOUMeEb KOMNAHUU
«Apxumexmypnoe 6ropo IJIUCy.
lutom2012@gmail.com

AnHoTtamus: Ilpennaraem BHuMaHuioo uwutateneit >xypHana «HBUKC-
Hayka.Texnomorum» apXuTeKTYpHYIO KOHIIEMIIUIO peaOuIuTalui MPOM3OHBI aJi-
MazHoro kapeepa «MUPy». [Ipobnemsl, crosmue nepen r. MupHbId, U niepea pec-
nyonukoit Caxa (SIkyTust) B 11€JI0M, B OCHOBHOM CBSI3aHBI C TeOrpa)uyecKuM IMo-
JIO)KEHHEM. AMIUTUTY/Ia a0COFOTHBIX TeMIIepaTyp CocTaBisieT 99°, cyTouHas am-
mutyaa temnepatyp aocturaet 40°C. JlaHHbIE YCIIOBUSI MOKHO CUMTAaTh dKCTpe-
MaJIbHBIMU [IJI1 YEJIOBEKa. B pernoHe CyiecTBYIOT TaK»Ke€ JKOJOTHYECKHE Mpo-
0JieMBbI, CBSI3aHHBIC ¢ Pa3pabOTKON KapbepoB, B TOM YMCIIC yrpo3a onos3Hen. J{is
pELlIeHUs TIEPEUUCIICHHBIX BOMIPOCOB MPEACTABICHHBIM WHUIIMATUBHBIM MPOCKTOM
npearaeTcsi Co3/aTh B CYIIECTBYIOIIEM OTpaOOTaHHOM KOTJIOBaHE Kaphepa rpa-
JOCTPOUTENbHOE 00pa3oBaHue HOBOTO TUIIA — «Okoropoa 2020».

KuarueBbie cjioBa: DKo-ropof, apXuTekTypa, MUpHBIH, 3€JIeHbIe TEXHOJIO-
T'UH, Kapbep, peaduauTarus.

BBeaeHue B NpoeKT «IKO-ropoa B kapbepe « Mup» y
ropoaa MupHbIi»

ApXUTEKTYypa, WIH 3044ECTBO - UCKYCCTBO U HayKa CTPOUTH, HMPOEKTUPO-
BaTh 3JaHUS U COOPYKEHHUS, a TAK)KE€ cama COBOKYITHOCTb 3JaHUN U COOPYKEHMUIA,
CO3JIAI0IINX TMPOCTPAHCTBEHHYIO CpPENy MJIsl KM3HM WM JAESTEIbHOCTU YeJIOBEKA.
ApXHUTEKTypa HEMPEMEHHO CO3/aeT MaTepHAIbHO OPTraHW30BAHHYIO Cpely, HE0O-
XOJIUMYIO JIFOJSIM JIJIs1 MX KU3HU U JIEATeIbHOCTH, B COOTBETCTBUM C X yCTpEMJIe-
HUSIMH, 2 TaKK€ COBPEMEHHBIMU TE€XHUYECKUMH BO3MOXKHOCTSMH U 3CTETUUYECKHU-
MU BO33pCeHUSAMH. B apxutekType B3auMocBsi3aHbl (DYHKIIMOHATbHBIC (Ha3HAUCHHE,
MoJib3a), TEXHUYECKHE (MPOYHOCTh, JOJTOBEUYHOCTh) M ACTETHUYECKHE (KpacoTa)
CBOMCTBa OOBEKTOB.

ApXUTEKTypa C JAPEBHUX BPEMEH U JO HAIIMX JHEW BBICTYIAET 3€PKaJIOM
cocTosinus obmecTBa. OHa OTpakaeT M BKJIIOYAET B ce0s Kak HamOosiee TpaJaullu-
OHHbIC TOHSATHS, TAKHE, KaK BIUSHHE CHUJIbI TSXKECTH Ha KOHCTPYKTHBHBIE BO3-
MOKHOCTH COOPYKE€HUM, TaK U MOHSATHUS COLMOJIOTMYECKOW HAMpPaBICHHOCTH I0-
CTPOCHHBIX 3/1aHUI.

B coBpemeHHOM MUPOYCTpONCTBE OOJIBIIOE BHUMAHUE YAEISIOT MOBBIIIEH-
HBIM CTaHJIapTaM 3KOJIOTHUYECKOM O€30MacCHOCTU MNPOECKTUPYEMBbIX OO0OBEKTOB. B
CHIA — sto cranaapt LEED (Leadership in Energy and Environmental Design —
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«PyxoBOACTBO B 2HEProd(HPEKTUBHOM U IKOJIOTHUYECKOM MTPOCKTUPOBAHUMY ), Pa3-
pabotan B 1998 rony.

[IpoekTam M 31aHHUSM NPUCBAUBAETCS CTAHIAPT, 3aBUCSIIMI OT OOJIBIIOTO
KOJIMYECTBA MAPAMETPOB — OT HCIMOJIb30BAHUS COBPEMEHHBIX TEXHOJIOTHYECKUX
pELIeHUI MH)KEHEPHOT0 000PYAOBaHUS A0 «MECTHBIX» CTPOUTEIBHBIX MAaTEPUAIIOB
HATypaJbHOTO MPOUCXOKACHUS. TakKe YUUTHIBAIOTCS CTPOUTENbHBIE TEXHOJIOTHH
Y CHUKEHHUE CTPOUTENBbHBIX M SKCIUTYyaTallHOHHBIX 3aTparT.

CaoTp-mosps AR Typebat npow e genms 20072005 rogos.
3 2"6 3KOroP0A-2020: peabunutaums npom3osl r. MUpHBIRA, pecnybanka Caxa (Akymua)
98839 mmmeer .

Pyrosmmens H Marosmocns, apsemestopes 0. Boraeacas, E. Ko, [ Capovepons, MU W weswss; 2ps yraacman: KL [iparss, 0. Messies, E. Lspenes
Hansw mapriespes DOK 0AD Mocnpoer, kencTpyxrope I Badsarrein, M. Asewcees; A0 LIHMHIN Mme&mm

Puc. 1. IIpoexm «Dxo-20poo» 6 kapvepe «Mupy» y 2copooa Mupnwiii
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[Ipennaraem BHuManuto uurtatened xypHana «HBUKC-Hayka.Texnomno-
UMY APXUTEKTYPHYIO KOHLIEMIMIO peadMIUTaluy MPOM30HBI aIMa3HOTO Kapbepa
«MHUP».

[Ipo6nemsl, cTosmue nepen r. MupHslid, u nepen pecnyonaukoit Caxa (Sky-
THUS1) B LIEJIOM, B OCHOBHOM CBSI3aHbI C T€OrpaPUUECKUM MOJI0KEHUEM.

AMIuTuTy1a aOCOMIOTHBIX TEMIIEpATyp COCTaBiIsIeT 99°, CyTouHast aMIUIATY-
na temnepatyp aocrturaet 40°C. JlaHHbIE YCIIOBHSI MOYXKHO CUHMTATh dKCTPEMAJb-
HBIMM JJI YeJIOBeKa. B pernone cymiecTBYIOT TaKKe 3KOJIOTHYECKUE MpoOIeMbl,
CBsI3aHHBIE C Pa3pabOTKON KapbepoB, B TOM UKCJIE YIPO3a OMOJI3HEH.

JIist pelieHus nepevyrcaeHHbIX BOIPOCOB MPEICTaBIEHHBIM WHUIIMATUBHBIM
IPOEKTOM MpPEJIIaraeTcsi Co3/1aTh B CYIIECTBYIOIIEM OTPAOOTaHHOM KOTJIOBaHE Ka-
pbepa rpajiocTpoUuTeNbHOE 00pa3oBaHue HOBOro TUIa — «dkoropoa 2020%.

[Tockonbky B SIKyTHM pacrnojaraercsi HeCKOJIbKO MOJO0OHBIX KapbepoB, Mpo-
€KT pa3paboTaH Ha OCHOBE JaHHBIX Kapbepa «MUP». OnpHako TEXHHUKO-
SKOHOMHYECKHUE MMOKA3ATEIN 3aBUCAT OT Pa3MEPOB Kapbepa.

OpueHTHpOBOYHAsI CTOMMOCTh MPOEKTA ONpPEAEICHAa UCXOASl U3 CTOUMOCTH
crpoutenscTsa 1 M> B 30000 pyGueii 1 B 3aBHCHMOCTH OT pa3Mepa 00beKTa cocTa-
BHT OT 6 Mip. pyOuneii npu cTpouTenbeTBe Komrmiekca B 200000 M 10 90 mupy.
pyGuieit Py CTPOUTEIHCTBE KOMILIEKCA OOIIEH MTOMAbio 3 MALTHOHA M-,

Ha ocHOBaHMM COBpEMEHHBIX HAYYHBIX M TEXHOJOTMUYECKUX 3HAHHUI HA Me-
CT€ TUTAaHTCKOM BOPOHKU JUAMETPOM OKOJIO KMJIOMETpa U riayouHoi 550 MmeTpoB B
YCIIOBUSIX BEYHOM MEP3JIOTBI MBI CO3/1a€M TOPOA-Cal, KOTOPBIA CTaHET LIECHTPOM
NPUTSKEHUSI HACEJIEHUS, a TaKXKE MEKIYyHApOIHBIX TypucToB B Bocrounyro Cu-
oupsb. IlpoexToM mnpeanaraercs MEPEeKpbITh Kapbep CBETOMPO3PAUYHBIM KYIOJIOM.
3a cuéT MOJIOKUTEIBHON TEMIIEPATYPhI 3eMJIM B 00pa3oBaBIIeMcsl 00bEME KIIUMaT
Oyzaer MsArde, 4eMm BHE KyImoJja.

IIpocTpaHCTBO IpemaraeTcs pa3fesuTh Ha 3 spyca: HUKHUKA — JUIs BbIpa-
IIMBAHUA CEIbXO3MPOIYKINH, TaK Ha3blBaeMasl «BEpTUKAJIbHAs (epMar, CpeaHUM
— JIECOIIapKOBasl 30HA, OYMILNAIOIIASL BO3AYX, U BEPXHUI — JJIA MOCTOSIHHOIO IIpe-
OBIBaHUS JIFOJEH.

BeHTHisinMsg BCEro MOJKYIOJBHOTO TMPOCTPAHCTBA IPEyCMATPHUBAECTCS
€CTECTBEHHOM 3a CYET pa3HMIBI B JIABJIEHWH XOJIOJHOTO M TEIUIOro Bo3ayxa (1o
HOPUHIUIY pyccKoro morpeda). JlanHoe pemnieHre Mo3BOJsSET CO34aTh I'PaJOCTPOU-
TeJIbHOE 00pa3oBaHUE 0€3 TeriocOeperarux OrpakJalonnX KOHCTPYKIUH, TaK
Kak uX (YHKIHUIO BBIIONHSIIOT CTEHKH Kparepa. OOmias 3Heprod(p¢peKTuBHOCTH
IIPOEKTA JIeJaeT ero peHTadenbHbIM. BepxHull sipyc ucnonbs3yercs A yCTponucTBa
ropojia, UMEIOIIEro KakK >KUIYI0 (YHKIHIO, TaK U CIYyXallero Ui pa3MelieHHs
aMUHUCTPATUBHBIX U COLUO-KYJIBTYPHBIX 31aHUNA U COOPYKEHU.

B nenTpansHOM sipe KOMILIEKca quamMmeTpoM nopsiaka 120 m pacnonararot-
Csl BCE MH)XCHEPHBIE CUCTEMBI, a TaKXe CIUpaJbHAsl pamma g JO0CTyNa aBToO-
TPAHCIOPTa B OJI3EMHOE MPOCTPAHCTBO, BKIIIOYAs MMOKAPHYIO TEXHUKY.

[IpoekT MO3BONSAET CO3/1aTh COBPEMEHHBIM KPYIHBIN LHABUIN3ALAOHHBII
uentp Poccuu B pernone Boctounoit Cubupu.
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Peanuzanust 1aHHOTO MPEAJIOKEHUS TO3BOJIUT PEIIUTh psAJl MPoOIeM, CTOS-
nux nepea Pecnyonukoit Caxa (Skytus), B TOM ducie:

- 00ecreunT HaceJIeHHEe PEeCIyOIMKU KPYTJIOrOJUYHO CBEXKEH CEIbCKOXO-
351ICTBEHHOU MPOXYKLUEH;

- CO3J1aCT HOBBIE BO3MOKHOCTH JIJIsl TPYAOYCTPOUCTBA U KOM(POPTHOM 3KH3-
HU;

- CO3/1acCT YCJIOBHS sl KOM(DOPTHOIO U KOMMEPYECKHU BBITOJHOIO KPYTJIO-

FOJAUYHOTO TYpU3Ma,

- pELIMT 3KOJOTMYeCKHe IpoOJEeMbl y4acTKa, Ha KOTOPOM pacIojlaraercs

Kapbep.
ConpaabHO-TeXHUYeCKOEe 000CHOBAHME MIPOEKTA

1. KakoB ypoBeHb H3HOCa XUJIOTO (hoHIAa U 0a30BBIX OOBEKTOB HH(pa-
CTPYKTYpHbI B ropoae Muphsbiii? — I'opox MupHslii 3actpauBancs ¢ 1958 roga. Co-
OTBETCTBEHHO, YPOBEHb M3HOCA OOJIBIIECH YaCTH KWIBIX IOMOB cocTaBisieT oT 80
1o 100 %.

2. Ha kakoe KOJMYECTBO MPOKHUBAIOUIUX pacyuTaH NMpoeKT? CKOJIbKO Ceil-
yac JroJied npoxuBaer B ropojie? KakoBbl MEPCHNEKTUBBI ATUX JIOJCH B CBSI3U C
peanu3zanmeil IpoeKkTa, YeM OHU MOTYT 3aHUMAThCAd B TOPOJIEC MOCJIE 3aKPhITHUS Ka-
prepa (BO3MOXKHO €CTh, MPEIONIAraloTCs K OTKPBITHIO KaKUe-TO JIpyrue Mpeanpu-
SITHS, TJI€ OHU CMOTYT paboTaTh)?

- IIpoekT paccuntan Ha 30 ThICAY KUTENEH. DTO NPUMEPHO COOTBETCTBYET
HaceJeHuIo T. MUpHBINA, 3aHITOMY Ha pa3paboTke PyIHUKOB. BaxkHO OTMETHTH,
YTO B Kapbepe pyaHuka «Mup» 3akpbIBaeTCs TOJIBKO OTKPBITHIN crioco0 pa3zpadboT-
ku. 3amacoB asMa3oB TaM emi€ Ha 50 JeT, HO MIaXTHOHM MOJ3eMHOM pa3paboTKH.
Tak 4T0 «TIPOOKY», 3aMUIIAIONTYIO TTOJI3EMHYIO BBIPAOOTKY OT 3aTOIUICHHS TPYH-
TOBBIMH BOJIaMH BCE PaBHO HEOOXoauMo jenatb. Kpome TOro, BepTHKaIbHBIC
dbepMbl TanyT 3aHATOCTh PabOUYUX PYK, OOECleunBasi CEIbXO3MPOAYKIHEeH SKy-
THIO.

3. K xakum mocnencTBUsM MOXKET MPUBECTH MPOCTOE 3aKPBITHE Kaphepa 0e3
ero pekynbTuBanuu? — [IpobreMbl OKpysKaroIIe cpelbl u3-3a paboT Ha Kapbepe
«Mupy. [Ipo6iemMbl BKIIOYAIOT YyTPO3Y OMOJ3HEW M HABOJHEHHM, CBSI3aHHBIX C BbI-
XO0JIJaMU TPYHTOBBIX BoJI. PazpaboTka kapTepa ocTaBuia TUTAHTCKUHN KpaTep MOYTH
KAJIOMETPOBOTO AUaMeTpa U r1yOonHo# 550 METpOB B YCIOBUSIX BEUHON MEP3JIOTHI.
Asponopt «MUPHBII» MOXKET IPOCTO CIIOJI3TH B KpaTeED.

4. Kakue «3eneHble» TEXHOJIOTHH IUTAHUPYETCA MPUMEHSATh B XOJ/I€ pealin3a-
MU TPOEKTa?

- TennoBsie Hacockl. Mcnonb3oBaHUE KIMMAaTUYECKUX OCOOEHHOCTEN U reo-
TE€pMaJbHbIX CBONCTB MECTHOCTH: 3aJ€HCTBOBAHUE SHEPTUU 3eMIIM JJIS CO3AaHUs
HOPMAaJIbHBIX KJIMMATUYECKUX YCIIOBUM B 30HE BEUHOU MEp3J10Thl. B paitone ropo-
na MUpHBIM TOJMIIMHA CJIOA BEYHOM Mep3noThl coctaBisier 100-150 merpoB mpu
temnepatype oT -10 mo -15 rpagycoB. Huxe — nmocTeneHHOE MOBBILIEHUE TEMIIE-
patypsl 10 + 4°C. AmmuTtyaa aOCOJMIOTHBIX TEMIIEpaTyp cocTasisier 99°, cyrou-
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Has amruiuTyaa temneparyp aocturaet 40°C. MneanbHbie yCa0BUS ISl IPaKTHYE-
CKOIr'0 MPUMEHEHHUS TEXHOJIOTUM TETJIOBBIX HACOCOB.

- HCIIOJIb30BAHUE COJIHEUYHOU 3HEPIruu. MUpPHBIA pacrosiaraeTcs Ha MUpoTe
[leTrepOypra, HO 3a CYET KOHTHMHEHTAJIBHOIO KJIMMaTa TaM OOJIbLIOE KOJUYECTBO
SACHBIX THEeW — HeT o0nauyHocTH. [To pacuéram MoxHO nonyuuts 10 200 MBT 371€ek-
TPOSHEPTUU OT COJHEYHBIX OaTapei.

- EcrecTBeHHAast BEHTWIIALIMS 332 CUET pa3HOM MACChl XOJIOAHOTO (TSKENbINA) U
Téroro (JIErkuit) Bo3ayxa.

- BepTUKaJIbHBIE (PEPMBI, KAK UICTOUYHUK CEJIbXO3MPOTYyKIIMH, BTOPUYHOM Ie-
pepaboTKu OTXOJIOB, B T. 4. JKMBOTHOBOJICTBA B SHEPTHIO.

- OUMIIICHUE BO3/1yXa C MTOMOIIIBIO YCTPOMCTBA UCKYCCTBEHHBIX TAPKOB

5. Kak Oyzaet Bectu ce0s MpOEKT NpU JajbHENUIIEM MOTEIUICHUH U pa3Mopa-
KUBAaHUU BEYHOU Mep3noThl? — [IpemycMaTpuBarOTCs MEPOINPUATHS MO COXpaHe-
HUIO KJIIMMAaTHYECKUX YCIOBUU M BEUHOU Mep3noThl. KoMIieke onupaercs Ha cKa-
JUCTOE OCHOBAaHUE B 30HE (epM.

6. Kakum o6pazom Oyner obecnieunBaThCs IKOHOMHUSI PECYPCOB B XOJ/I€ pea-
JU3aLUU TpoeKTa’?

- Ucnonb30BaHMEe MECTHBIX BOJHBIX PECYpPCOB, B TOM YHUCJIE OYMCTKA BOJBI C
MOMOIIIBIO THAPOTIOHUKH.

- B Hacrosimiee BpeMst pacxojsl Ha OTOIJICHHE 3/JaHUM B T. MUPHBINA UCXOMIST
u3 Teronotrepb npu -60°C HapyKHOTO BO3/yXa C IMIECTH IUIOCKOCTEH 3aHui 00-
meif MI0mMAanblo OPHEHTHPOBOYHO 3 MIJITHOHA M. (3IaHMS CTABSITCS HA CBAH,
YTOOBI HE JOMYCTUTH TasHHUS BEYHOU MEp3JIOThl. TakuMm 00pa3oMm, TEIIONOTepU
UAYT U 4Yepe3 ocHoBaHuA 37aHui). [locne peanusanuu mpoekTa SKOHOMHUS COCTa-
BUT 60% SHEpPruu Ha OTOILICHHE.

7. Kakyro SKOHOMHYECKYIO BHITOJY (B Kakux 00beMax) MOXKET NMPUHECTH
BBIpAIIMBAHUE arpoOKYJIbTYyp Ha HWXKHUX Apycax? — C BepTUKAIbHBIX GepM, CO-
TJIACHO COBPEMEHHBIM HCCIIEIOBAHUSAM, MOXHO cobupaTh 30 KI' CEelbXO3MPOIyK-
uuu ¢ 1 M momanu B roa. [pu momaau 800000 M noinydaem 24000 TOHH cenb-
XO03MpoayKIuu. B HacTosiiee BpeMsi CTOMMOCTh 3aB03a CEJIbXO3MPOAYKIINHU B pe-
riuoH camonétoM coctasisieT 100 py6/kr. Takum oOpa3omM TOJIBKO Ha TPaHCIIOPTE
MOYKHO COKOHOMHUTS 2,4 MIIpJ. pyOsieH B TOI.

Paciiupenne npoekTa «JK0-ropoa» Ha Jpyrue
peruoHbI MHpPa

Dko-ropon, npemnoxenne 1 FOxnoro Cynana. [Ipoxnagnas 3emis nmo ot-
HOUIEHUIO K AKCTPEMAIBHBIM TeMIepaTtypaM. TOT ke MPUHIUIT TEIIOBOTO HACO-
ca» co3/1acT KOM(POPTHBIEC YCIOBUSI MPOKUBAHUS B HEJOPOroM kuiuie. JKunumia
npeasiaraercsi CTPOUTh M3 YTPaMOOBAHHOW 3€MJIM — TPAAULMOHHAS TEXHOJIOTHUS
JUIs skuTene AQpuku, MoayduBIiasi HOBYIO KU3Hb Oyiarofapsi CTalbHOM riaakon
onany0OKke U BUOPOIPECCOBAHUIO.
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YAK 378.1

AKTyaJibHbI€ BONIPOCHI NPOPHIBLHOI0 MHAKEHEPHOTO
o0pa3oBaHus B IIKOJIe: B3IJISA B Oyayliee

Hlaxpamanvan M.A.
Mockosckuti nedazozuyeckuil 20Cy0apCmeeHHblll YyHugepcumen,
Mockosckuti uncmumym omxpvimo20 0opazo08anus

7283763 @mail.ru

AHHoTanms: CTaThs MOCBALIEHA aKTyaJbHBIM MpoOiemMaM NpodUIbHOTO
UHXEHEPHOTro 00pa30oBaHUsl B IIKOJAX, YYUTHIBAIOLIEIO COBPEMEHHbBIE TPEHJIbI
pa3BUTHA WIECTOTO TEXHOJOTMYECKOro yknaaa, cBszanHoro c¢ HBUKC-
KOHBEpTeHIel B coueTanuu ¢ 3-D MoienupoBaHUEM U MPOTOTUIIMPOBaHUEM (T1€-
yatu Ha 3-D npunrepe). [IpuBeneHsl HATNIAAHbIE TPUMEPHI U3 OMOHUKU — MOJIOAON
HAyKH, KOTOpasi 3aHUMAETCSl M3yYeHHEM (PYHKIUN U CTPYKTYpbl OMOJIOTHUECKUX
CUCTEM B KauecTBe Mojeliel (00pa3ioB) sl pelieHUs] TEXHUYECKUX U TEXHOJIOTU-
YECKHUX 3aJa4 B CAMOM IIHUPOKOM CMBICJIE U KOTOPAs IO CYILLECTBY SIBIISETCS KIIIO-
yeBoil ocHoBoli HBUKC-konBeprenuuu. [lonpoOHo paccmaTpuBaroTcs BOIPOCHI
uHpopMaoHHoro (1udpooro) 3-D MonenupoBanus 37aHUN U COOPYKEHUM Kak
OJTHOT0 U3 HanboJiee NePCIEeKTUBHOTO HANPABICHNUS HHKEHEPHBIX HayK.

Kiawueble cioBa: HBUKC, 6uonuka, 3-D moaenupoBanue, npohuiibHOE
MH)KEHEpHOEe 00pa30oBaHMe

Topical questions of profile engineering education in school:
a view to the future

Shahramanyan M.A.
Moscow Pedagogical State University, Moscow Institute of Open Education
7283763 @mail.ru

Annotation: The article is devoted to the topical problems of specialized
engineering education in schools, taking into account the current trends in the de-
velopment of the sixth technological order associated with the NBICS convergence
in combination with 3-D modeling and prototyping (printing on a 3-D printer). Il-
lustrative examples from the bionics-young science that Studies the functions and
structure of biological systems as models (models) for solving technical and tech-
nological problems in the broadest sense and which, in essence, is the key basis Th
NBICS convergence. The issues of information (digital) 3-D modeling of buildings
and structures as one of the most promising areas of engineering sciences are con-
sidered in detail.
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B nHacTosiiee Bpemsi OCTpO CTOUT BOMPOC MOATOTOBKH BBICOKOKBaTU(DUITU-
POBaHHBIX HHXKEHEPHBIX KaJpOB, 0€3 KOTOPHIX HEBO3MOKHO 00ECIIEYUTh TEXHOJIO-
TUYECKUM PHIBOK 9KOHOMUKH CTPAHBI.

B sTOM BOIpoOCe 04EHb BaXHYIO POJIb UTPAIOT IIKOJIBI, T.K. HUMEHHO B KO-
nax |y ydammxcs ¢GopmMupyeTcs 0CO3HAHHBbIN BHIOOP cBoeil Oyayuieil mpogec-
CHM, CBSI3aHHOI ¢ HAYKOEMKHMHU TEXHOJOTUSIMU U UHKEHEPHBIMHU CIENNAJb-
HOCTSIMH, 3aKJIABIBAETCS NEPBOHAYAJIbHbIC 3HAHUS M KPYro3op B 00JacTu
HHKeHepuu. U OT TOro, HaCKOJILKO MPaBWJIBHO OY/JIeT OPraHU30BaH MPOIECC MPO-
(bUIBEHOTO MHXXEHEPHOTO 00pa30BaHuUs B IIKOJIE, BO MHOT'OM OYJIeT 3aBUCETh yCIEX
pelieHrs mpoOiaeMbl MOATOTOBKHM  BBICOKOKBATU(UIIMPOBAHHBIX WH)KEHEPHBIX
KaJIpOB ISl UHHOBAIIMOHHOTO Pa3BUTHS YKOHOMUKH CTPAHBI

BaxxHo Tak)ke 0co3HaBaTh, UTO MOJTOTOBKA OyMYIIUX WHXXEHEPOB JTOJDKHA
OCYIIIECTBIATHCA HAa OCHOBE yudeTa TpPEHJa Pa3BUTUSI MUPOBOIO HAy4YHO-TEXHHU-
YECKOI'0 Mporpecca 1 MUPOBOM SKOHOMUKH. DTO CBSA3aHO C TEM, YTO OyayIIue WH-
YKEHEPHI JTOJHKHBI MOJYYUTh 3HAHMS U NMPAKTUYECKUE HABBIKM B TaKMX 00JACTAX
HAyKU U TEXHHUKHU, KOTOPHIC TIO3BOJIST UM OBITh BOCTPEOOBAHHBIMU HA PBIHKE TPY-
Jla UMEHHO B TOT MEPUO/I, KOTAa OHU BCTYIAT BO B3POCIYIO TPYJAOBYIO KU3Hb, T.e.
HA/10 YYUTh HEe TOMY, YTO NMPHUCYTCTBYeT CeroaHs, a TOMY, 4TO Oyaer B OJ1u-
sKaiimeM OyayuieM — MPpUCTAJIBLHO CMOTPeTh B Oyayluee.

B 5T0i1 cBsI3M HEOOXOAUMO YIOMSHYTh O TEXHOJIOIMYECKUX IMKJIAaX B pas-
BUTUHM MUPOBOM LIMBUJIM3AIMU, B YaCTHOCTH, O IIlecToM TeXHONOTrnYecKOM LUKIIE,
B KOTOPBIN BCTYIHUJIO YEJIOBEUECTBO U KOTOPHIM cBsizaH ¢ HBMK- koHBeprenuuen
B coyeTaHuu ¢ 3-D MojenupoBaHUEM M NPOTOTHUNHpPOBaHUEM (medatd Ha 3-D
npuntepe). It ocoOeHHOCTH lllecToro TexHOIOrHMYecKoro ykjiaaa o00s3aTeabHO
JIOJIKHBI YUUTHIBATHCS B CUCTEME 0Opa30BaHUs, B YACTHOCTH IIKOJIBLHOTO 00pa3o-
BaHUs, B CUCTEME MOBBIIICHUS KBATH(PUKAIIMN YUUTEJICH MPEIMETOB €CTECTBEH-
HOHAYYHOTO IIMKJIa, MIeIaroroB AOMOJIHUTEIBHOTO 00pa30BaHUs.

Jlns Toro, 4ToOBI TIporiecc 00y4YeHHUs y4Jalluxcsi B 00JACTH MHXKEHEPHOTO
oOpa3oBaHus (C y4eToM TpeHII0B pa3Butusa [llecToro TeXHOIOTHYECKOTO YKIaaa)
OblT OBI 2 (HEeKTHBEH, HEOOXOAUMO HAUTH TaKUEe 00JACTH 3HAHUM, KOTOPBIC ObLIH
OBl MOHSATHBI MIKOJFHUKAM W BBI3BIBATM Obl Y HUX MOTHBAILIUIO K HapaIIMBaHUIO
CBOMX 3HAHUI U YMEHUH B 001aCTH UHKEHEPUH.

[TpumenutenbHo k HBMKC-KOHBEpPreHIIMN 3TO CHUCTEMBI HCKYCCTBEHHOTO
WHTEIJIEKTa, POOOTOTEXHHUKA, KOTOPasi B HACTOSIIIEE BpeMs B cHCTeMe 001ero oo-
pa3oBaHus T1O0CTAaTOYHO XOpolIo pa3BuBaercs. Ho 3Toro, 1o Haiiemy MHEHUIO, He-
JIOCTATOYHO, HAA0 PACHIMPATH CHEKTP o0JacTeil 3HAHWI, UMEIONIUX HEIo-
cpeacrBenHoe oTHoeHHe K HBUK-koHBepreHuumn n Koropbie ObLIA Obl UH-
TepPeCHbI U MOHATHBI KOJIbHUKAM.

K uncny y Takux obnactedt 3HaHUN OTHOCUTCA OMOHMKA — MOJIOJAsl HayKa,
00JlacTh 3HAHUIM U TEXHUKHU, KOTOpas 3aHUMAETCS M3ydyeHUeM (PYHKIUU U CTPYK-
Typbl OMOJIOTMYECKUX CUCTEM B KaueCTBE Mojiesieil (00pasIoB) s PEeIICHUs TEX-
HUYECKUX U TEXHOJOTUUYECKHUX 3aJ]1ay B CAMOM IIHUPOKOM CMBICIIE.
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B 2015 rony B cBeT BbIlLIa 3aMevaTesibHasi KHUra npodeccopa Kpuuescko-
ro I'.E. «bnonnka. Yuumcs MyapocTH y npupoasl» [1], B KOTOpoil B ApKOi U
MOHATHOW JUIsl IIKOJIBHUKOB (hOpME MPUBENEHBI T€ 3HAHHUS U (AKThl, KOTOPHIE
ITO3BOJIAIOT NPUBUTH MHTEPEC K ITOW YpPe3BbIYAHHO NEPCHEKTHBHON 00/1aCTH
HAYKHM U T€XHHKH C OTPOMHBIM HHKEHEPHBIM MOTEHUHMAJIOM. BOT TONBKO He-
CKOJIbKO MTPUMEPOB U3 OTMEUEHHOH Bbille KHUTK npodeccopa ['epmana Kpuues-
CKOTO.

Jepucmuyeckaa u 3amevyamenbvHas
Haxodka leopza Mumpana.
PeneliHuk - modens nunyyuku Velcro

Puc.1 Jlunyuka

Bnecmauwjan uden: HeKomopele Hacekomele
uUMelom Kpbifibs, ompaxaroujuem caem,
onpedeneHHoll DNUHbI 8OMHBI, U UMEOM
APKYIO OKpacky

PadyxHas okpacka KpeiwKu menegoxa
cdenaHa no npuHyuny cmpykmypHou
OKpacKu

Puc.2. Cmpykmyphas okpacka
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3ii¢gpunesa bawHA
Mnomunocme 0,12%

bedpeHHasa kocmb
MnomHocme 10-30%

AxxypHasa KoHcmpykyusa Jligenesoli 6awHu umumupyem 2yb64yamyio,
Kfiemuyamyio, cmpykmypy 6edpeHHol kocmu

Puc.3. Huoscenepmnvie coopyarcenus

Nmes Takue spkue npuMepbl W3 OMOHHKH, Y UIKOJIBHUKOB TMOSIBISETCS
BITOJIHE TIOHSTHOE >KEJIaHWE CAMHUM WJIM TOJ PYKOBOJCTBOM YUHTEINsS MOUCKATh B
pUpOJIe Takue OHOJIOoTHYECKHUE O0OBEKTHI cpeu Qopsl U (PayHbI, KOTOPHIE MOTYT
OBITH UCIOJIb30BAaHbl B KAYECTBE aHAJIOIOB MPU KOHCTPYHUPOBAHUU PYKOTBOPHBIX
00BbeKTOB. [Ipr 3TOM MIKOTBHUKH, U3y4yasi MEXaHU3MBbI KU3HEACATEIbHOCTH 3TUX
OMONOTUYECKUX OOBEKTOB, COBEPIIEHHO YETKO OCO3HAIOT, 4YTO a0COJIOTHOE
00JILIIMHCTBO CYLIECTBYIONIUX B HACTOsIlee BpeMsi PYKOTBOPHBIX 00beKTOB
3HAYUTEJIBHO YCTYNAIOT M0 3HePro3¢GeKTUBHOCTH, IKOJOTUYHOCTH U IPYTUM
napaMeTpaM NPHUPOAHBIM 00bEKTAM, U UYTO CYHIECTBYET OTPOMHOE Mayo HC-
CJIEIOBAHHOE TIOJIE JIJIsi OPTaHU3AIMK U MPOBEJACHHS HAYYHO-HCCIIEIOBATEIBCKUX
paboT MHKEHEPHON HATIPABICHHOCTH.

OnHOli M3 OCHOBHBIX WHXEHEPHBIX Mpodeccuil sBusercs mpodeccus —
CTPOUTETTb.

Kaxk moka3piBatoT HeTaBHO MPOBEICHHBIC MCCIEIOBAHUS B PaMKaX MOCKOB-
CKOr'0 MIPOEKTa «AKTUBHBIN Tpa)kJIaHUH», HanboJee BOCTPeOOBAHHBIM HANPAaB-
JieHueM NpoUIbHOr0 00yYeHUS IIKOJHLHUKOB SIBJfIETCS «APXUTEKTYpa,
CTPOMTEJBCTBO U KUIHIIHO-KOMMYHAJIbHOE X0351iicTBOY [2].

[Ipu sTOM HEOOXOAMMO OTMETHTH, YTO TOJ JACHCTBHEM HAyYHO-TEXHH-
YECKOro IMporpecca B CTPOUTEIbHOW OTPACIHM MPOUCXOJIUT U3MEHEHHE CIIEKTpa
CHEeIUaNbHOCTEH W Tpodeccuii, HEKOTOpble cTapble CNeNHAJTbHOCTH, HATIPHU-
Mep, KaMEeHIINK, HAYUHAIOT OTMUPATh, 2 HA CMEHY UM HAYMHAKT NMPUXOIUTH
HOBbIE CNENNATBHOCTH, HATIPUMED, CBA3AHHBIC C MUPPOBBIM MPOCKTUPOBAHUEM
U TOATOTOBKOW MPOM3BOJCTBA, KOHCTPYKIIMOHHBIMH MAaTEPHAIBI C 3aJaHHBIMH
CBOMCTBAMH, TEXHOJIOTHSIMH M WHTETPUPOBAHUSA IU(GPOBBIX Cpell BHYTPU KU-
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JbIX/0UCHBIX TOMENIeHUN («yMHBIE 1g0May), 3D-meyaTh B CTPOUTEILCTBE U
ap.[3]. To ecTp, o cymiecTBy, oraeabHble KomnoHeHTsl HBUKC, B wactHOCTH,
HAHO, C IOMOUIBIO KOTOPOTO CO3AAOTCS KOHCTPYKUMOHHBIE MaTepuabl ¢ 3a7aH-
HBIMHU CBOMCTBaMH, HH(]O, C TOMOIIBIO KOTOPBIX co3/atoTcs nudpoBsie 3-D mone-
JIM HAYMHAIOT (OPMHUPOBATH HOBBIA OOJIMK CTPOUTEIBHON OTPACIIH.

HBUKC-koHBepreHuusi HampapiieHa, IPeXIe BCEro, Ha CO3JaHue poOoTo-
TEXHUYECKUX CUCTEM C MCKYCCTBEHHBIM HMHTEJJIEKTOM. POOOTHI BCe MIMpE CTaiu
IPUMEHATHCS B PA3IUYHBIX OTPACIAX KU3HEIESITEIBbHOCTH yeaoBeka. CTpOUTENb-
Hasi o0JacTh B 3TOM CiIy4yae He SIBISIETCS UCKIoueHueM. B mocnennee Bpems B
MHUpE CTPOUTENILCTBO 3JIaHUN MPOU3BOJUTCA C TMOMOIIBI POOOTOB — OOJBIINUX
3-D npuHTEpOB C MHTEIJIEKTYyalbHOW HAYMHKON. BasHO MPU 3TOM 0TMETHTH YTO
BHe/IpeHre NHGOPMAIIMOHHBIX TeXHOJI0ruil 3-D MoaeJUPOBAHUA MO JAHHBIM
3apy0esKHOr0 ONbITA MO3BOJSIIOT CHU3UTH CTOMMOCTh M CPOKH CTPOMTEILCTBA
Ha He MeHee, yeM Ha 30%. B Poccuu B mocJiegHee BpeMsi NPUHUMAKOTCH HA
rocyIapcTBEHHOM YPOBHe pellleHHsl, MO3BOJISIIOIINE 00eCIeYNTh BHeJApPEeHUe
nepexoBbIX MHPOPMALMOHHBIX TEXHOJIOTHIl B CTPOUTEJIBHYIO 0TpPacb [4].

Bce 310 HEOOX0MMO YYMTHIBATH MPU OpTaHHU3AMK MPOGUIBHOTO 00yUe-
HUS KOJLHUKOB 110 HAMIPaBJICHUIO K APXUTEKTYypa U CTPOUTEIBCTBOY.

[lenecoobpa3Ho B TEX MIKOJIAX, KOTOPbIE BRIOpaI MpoQUIbHOE UHKEHEP-
HOE 00pa3oBaHUE, CBSI3aHHOE C APXUTEKTYPOH U CTPOUTEIILCTBOM, CO3/aTh DJIEK-
TPOHHBIE NPOEKTHBIE IIKOJIbHBIE 3-D MacTepckue, B KOTOPBIX IIKOJIbHUKH, HC-
N0JIb3YS CIIEIIMAIBHOE MPOrpaMMHOe o0ecreueHnue, CMOTYT co3AaTh HHpOpMaIlu-
oHHbIe 3-D Mozaenu 37aHU U COOPYKEHHI M pacredararb ux Ha 3-D npuHtepe.
OTHUM camMbIM OHM MOJIy4aT HOBBIE 3HAHUS U MPAKTUYECKUE YMEHHS, KOTOPbIE UM
OUYEHb MPUTOASTCS B UX Oymymieil B3pocioil TpyaoBoil xu3znu. Bungeocioxker «Co
IIKOJIBHOM TIapThl B MUP MUGPOBOTO CTPOUTEILCTBAY [5].

Kuro4deByro possb B Bonnpocax npo@uibHOr0 HHAKEHEPHOro 00pa3oBaHus
IIKOJbHUKOB UTPaloT yyuTtessi. [IoaToMy Ba)KHO MOBBIIIATh UX KBATU(PHUKAIIUIO
B BOIIPOCAX NEPCHEKTUB Pa3BUTHUSl HAYYHO-TEXHUUYECKOTO MpOrpecca, U3MEHEHUS
CIIEKTpa HOBBIX MH)KEHEPHBIX CIENUATBLHOCTEN U mpodeccuit, 4To0bl OHU CMOTJIH
NPUMEHHUTH MMOTYyYEeHHBIE HOBBIC 3HAHUS U YMEHHS B CBOEH Oymymiei mpodeccuo-
HaJILHOM JesITeIbHOCTH .

B 31011 cBsI3M HE0OXOIMMO OTMETUTH, YTO B HACTOsAIIEE BpeMs pa3paboTaHa
porpaMMa MOBBIIMICHHUS KBATH(PUKAINK YIUTENIEH TPEeIMETOB €CTECTBEHHO-HAYY-
HOTO IMKJIAa, THPOPMATHUKH, TEXHOJIOTHH, TIEIaroroB JOMOJIHUTEILHOTO 00pa3oBa-
HUsA «OCHOBBI TPOECKTHOM U UCCIEA0BATENBCKON AESTEIbHOCTH MIKOJbHUKOB C UC-
M0JIb30BAHHEM METANPEIMETHBIX TEXHOJIOTHH B MH(OPMAIMOHHOTO (IIH(PPOBOTO)
3-D monenupoBanusi» (Illaxpamanbsa M.A., Kpuuesckuii I'.E., IIpomkun FO.A.,
JlxanmamenoB A.M.) [6]. Tlo manHO# mporpamMme HadaJICsi aKTMBHOM MpoIece
oOydYeHHsI yUUTeNIei MOCKOBCKUX IITKOJ.

OcHOBHBIE pa3/Iebl MPOTPAMMBbI MIOBBITIICHUST KBATH(PUKAIINNA YIUTEIICH:

1. HBUK-koHBepreHius: Kak TexHoJoruueckas riatgpopma GopMUpOBaHUS
y HIKOJIBHUKOB LIEIOCTHON KapTUHBI OKPYXKAIOIIET0 MUpa U Oynyluux npodeccuo-
HaJIbHBIX KOMIIETCHIIUH.
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2. MexnucuuiuinHapHeiii 1 mexorpacieBor xapakrep HBUK-konsepren-
uuu. Ponb 1 3HaueHne MHGOPMAIIMOHHBIX U HAHOTEXHOJOTHM KaK HaJ0TPACIEBBIX
TEXHOJIOTUM.

3. buonuka. 3eneHple TEXHOJIOTHM — OCHOBA YCTOWYMBOrO pa3BUTHS B XXI
BEKE.

4. Undopmanmonnoe (mudponoe) 3-D moaenupoBaHre U NpOTOTUIIUPOBA-
HUE KaK TeXHOJIOTuYecKas miaTdopma MeTanpeIMeTHOTO OOyIeHUSI.

5. Metoabsl u TexHosoruu uH(popMamnuronHoro (mudposoro) 3-D monenu-
POBaHUS UHXECHEPHO-TEXHUYECKUX 0OBEKTOB U OMOJIOTUYECKUX 0OBEKTOB.

6. 3-D mpuHTEPHI U UX POJIb B METANIPEAMETHOM O0YUYEHUU IIKOJIHHUKOB

7. Texnonorun u npodeccun Oyaymiero. HoBbie BBI30BHI TEpes] CUCTEMOM
oOpa3zoBaHus. ATiiac HOBBIX IpPOdeccuil.

8. Kak co3nath Hay4HO-HCCIIEI0OBATEIBCKYIO JIabOpaTOpUio y ce0sl B IIKOJIE.

[TpumMepbl TPOEKTOB U UX pealu3alvu.
Taxkum 006pa3zoM, UCXOsl U3 BBIIIEU3IIOKEHHOTO MOKHO KOHCTaTUPOBAaTh, YTO BO-
POCHl MPOMMIHPHOTO UHXEHEPHOTO 00pa30BaHUs B IIKOJAX HEOOXOIUMO PelIaTh,
OmUpasiCh Ha TeHJeHIMH pa3BuTus lllecToro TexXHOJIOru4eckKoro ykjianaa, CBs3aH-
Horo ¢ HBUK-kouBeprenmuet B couetanuu ¢ 3-D MoaenupoBaHueM U NpOTOTH-
MUPOBAHUEM, T.€. 3aKJIaJbIBATh OCHOBBI JJISI TOJATOTOBKH MHXEHEPOB OYTYIIIETO.
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LleHTpbI MOJIOAEKHOT0 MHHOBALIMOHHOI0 TBOPYECTBA —
mapmipyTel HBUKC
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AHHoOTanus: B cTaTbe paccka3biBaeTCs 0 HEOOXOIUMOCTU Pa3BUTHUSI WHIKE-
HEPHBIX CITIOCOOHOCTEH y JIETEeH CO MIKOJILHON CKaMbH, YTO YCIICIIHO JOCTUTACTCS
3a CUET JESITEIbHOCTH LIEHTPOB MOJIOJIC)KHOIO MHHOBAIIMOHHOTO TBOopuecTBa. Ha
cerogHsAHNN 1eHb B MockBe co3gano 79 nentpos. B wactHoctu, IMUT «Hano-
TEXHOJIOTUWY», CO3IaHHbIN B Jekadpe 2014 roga ¢pusudeckum dakynbretoMm MI'Y
umenn M.B. JlomoHocoBa u LIeHTpOM NEPCHEKTUBHBIX TEXHOJOTHH MPU MOMI-
nepxxke I[lpaButenbctBa MOCKBBI, clieHaTU3UpPyeTCss Ha OOYYEHHHM 30HIO0BOM
MUKPOCKOIUU U OCYIIECTBISET MOATOTOBKY IIKOJBHUKOB U CTYAEHTOB IO TAKUM
HAIPABJICHUSIM, KaK OMOTEXHOJIOTHs, OMOMEIUIIMHA, MUKPOCKOIIHSI U KOHCTPYHUPO-
BaHME.

KiarwueBble cjioBa: CKaHUpyomias 30HI0Bas MHKPOCKOINUSA, aTOMHO-
CUJIOBOM MUKPOCKOII, aTOMHAsl PEIIeTKa, KUIIECYHAas Majlouka, noaumepsl, 3d Tex-
HOJIOTUH.

Youth Innovation Creativity Centers - NBICS routes
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Researcher of Lomonosov Moscow State University
LYV. Yaminsky

Professor of Lomonosov Moscow State University,

General Director of LLC "Advanced Technologies Center”,
Head of YICC "Nanotechnology"
Yaminsky@nanoscopy.ru

Absrtact: The article tells about the importance of developing engineering
abilities from the school bench, which is successfully achieved through the activi-
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ties of the Youth Innovation Creativity Center. To date, 79 centers have been es-
tablished in Moscow. Created in December 2014 by the Physics Department of
Lomonosov Moscow State University and Advanced Technologies Center with the
support of the Moscow Government YICC "Nanotechnology" specializes in train-
ing probe microscopy and prepares scholars and students in such areas as biotech-
nology, biomedicine, microscopy and designing.

Keywords: scanning probe microscopy, atomic force microscope, atomic
lattice, E. coli, polymers, 3D technologies.

[lepBoe 3aHsATHE B IEHTPE MOJIOJAEKHOTO WHHOBAIMOHHOTO TBOPYECTBA
«HaHoTexHOJOTUM» TPaJAMIIMOHHO HAYMHAETCS C BONPOCA: KaK YBHJIETh aTOMbI U
MoJiekyJpl? Kak mpaBuiio, MIKOJBHUKHU MPEIaraloT pa3iuyHble BApUAHTHI OMTHU-
YECKUX M DJIEKTPOHHBIX METOJIOB MpHuOaMxkeHus. M Torga Mbl pacckasbpiBaeM, Kak
YCTPOEH CKaHUPYIOUIUH 30H0BBIM MUKPOCKOI, MPUHLUI KOTOPOTO MOHATHEE BCE-
ro OOBSICHSETCS CPAaBHEHHEM C IPaMMOGOHHBIM MPOUTPHIBATEIEM: UIJIA ABUKETCS
10 TIOBEPXHOCTH U OTCJICKUBAET ee penbed. braronaps ckanupyromemMmy 30H10BO-
MYy MUKPOCKOIY MOHO YBUJETh aTOMHYIO PEIIETKY Ha MOBEPXHOCTU CIIOABI WU
TONOrpaduio MOJIUMEPHOI MIIEHKU HAa YPOBHE HAHOMETPOB (cM. puc. 1 u 2).

Puc. 1. TpexmepHroe uzobpasicenue amomHoll pewiemrku Ha NOBEPXHOCMU CIFOObL.
Hcnonvzosaro npoepammmuoe obecneuenue @emmoCran OHnaiin.

-

Puc. 2 H3z06padxcenue nogepxnocmu HcuoKOKpUCALIULECKO20 NOTUMEPA YUKTOCUTOKCAH
¢ Xonecmepuieckumu gppacmenmamu, noayderntnoe K.¢o.m.x I'.5. Mewxosvim.
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B IIMUT HanOTEXHOJIOTHHM YCTAHOBIEHO BOCEMb CKAHUPYIOIIUX 30HIOBBIX
MuUKpockonoB «®PemtoCkan», Onarogapss KOTOPbIM IIKOJIbHUKAM U CTyAEHTaM
MO>KHO HaIJIAIHO NTOKa3aTh HAHOMHP, HAYYUTh HE TOJIBKO MOJIy4aTh U300pakeHHUs,
HO pHCOBaTh CAMUMHU C TTOMOIIBIO METOa HaHoIuTOrpaduu (cMm. puc. 3).

Puc.3 [lpumep nanonumozcpaghuu, blnoaIHeHHOL ¢ NOMOWBIO MEeMOOA NOKATbHO20
anoono2o oxucienus. Mcnonvzosano npoepammuoe obecneuenue @emmoCkan OHnatiH.

Puc. 4. Cnesa npoyecc ckanuposanus babouku Mopgho 6 cuneil ysemogou 2amme
110 «®emmoCrkan Onnaviny, Ha kapmunke cnpasa 3D-u30bpadicenus bakmepuii 8 APKol
Y8emosoll camme.

B pamkax nanpapnenus 6uonanockonuu B [IMUT Begytcs paGoThl 10 MUK-
pPOCKONUU OaKTEepHAIbHBIX KIETOK U COBEPILIEHCTBOBAHUIO METOAOB OINpEAEICHUS
aHTUOMOTUKOPE3UCTEHTHOCTH OaKTEpHil.

biaromaps TexHONOrHMM CKaHUPYIOLIENW 30HA0BOM MUKpockornuu B [IMUT
Pa3BHIIOCh HOBOE HAIpaBIIEHHWE — CO3JaHUe 0OpadaThiBaroNInX (pe3epHBIX CTaH-
koB ¢ UITY. HecmoTpst Ha Bce pa3nuuus, NPUHLIHUI pabOThl y CTaHKa, MUKpPOCKOIIA,
3D-npuHTEPa OJWHAKOBBIM M OCYLIECTBIISIETCA C MOMOINBK OJMHAKOBBIX aJro-
PUTMOB U NOXO0KMX LIATOBBIX JBUraTeNIEd, CEPBONPHUBOLOB, MAHUITYJIATOPOB, Mpe-
LA3UOHHBIX HANPABIISIOIINX.
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[Ipu mpoekTHpoBaHUU U pa3pabOTKe HOBOrO OOOPYIOBaHUS BaXKHO oOpa-
1aTh BHUMaHUE HA MHOTO() YHKIIMOHATBLHOCTh U MOOMIIBHOCTH TPUOOpA UIIK CTaH-
ka. VIMEHHO STUMM MOPUHIIMIIAMH Mbl PYKOBOJCTBOBAJIUCH MPHU pa3zpabOTKe Ts-
THoceBoro oopadarsiBatoiero rearpa ATCNano (puc.5).

Puc.5. Obpabamuisarowuii komnaexc ATCNano ¢ mooynem 0ns MHO200Ce80t 0Opabomxu.
Pabouee none — 10080 %50 mm (X-Y-Z). Cnesa — mexanuueckas cucmema, cnpasa — 610K
NEKMPOHHO20 YNPABIEHUS

15 anpens 2017 roga otkpbinack HoBas muiomanaka [IMUT «HanorexHomo-
UMY, PAcHoIOKeHHAasi B Ou3Hec-1ieHTpe Ha JIoMoHOCOBCKOM mpocriekte, oM 20.
Ha mnomanke co3nan moaHO(YHKIIMOHATBHBIN LIEHTP MPOTOTUIIMPOBAHUS, OCHA-
HMICHHBIA TpeMs (Ppe3epHbIMU CTAaHKAMH C YHCIIOBBIM MPOTPAMMHBIM OOeCIeYeHH-
eM ATCNano (puc.6), TOkapHBIM CTaHKOM-aBTOMaToM «Peabuu», yCTpoWCTBOM
JUTst 3aTOUKHU (ppe3, nazepHbIM rpaBepoM SharpLase Pro, 3D-npunrepom Picaso, u,
KOHEYHO K€, CKAHUPYIOIIUM 30HAOBBIM MUKpOCKONoM «PemMToCKaH» — rIaBHBIM
UHCTPYMEHTOM HaHOTEXHOJIOTHA.

Puc. 6. @pezepno-epasuposanvrvie cmanxku 6 LIMUT «Hanomexuonozuuy
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B IIMUT «HaHOTEXHOIOIMMU» MBI BCETAa CTPEMUMCS Pa3BUBATH MEXKIHC-
LUUIUTMHApHbIE pa3pa0OTKU M HCCIEIOBaHUS, YTO MO3BOJIAET HAM PEIIaTh MHOIO-
npo(HIIbHbBIE 3a1a4H.

MBI k1eM Bcex Ha HalllMX 00ydYaroluux Kypcax, MacTep-Kiaccax, IpakTuye-
CKUX 3aHATUAX 1o 3D-texHonorusim: 3D-mukpockonuu, 3D-npuntepam, 3D-
MexaHoobpaborke, 3D-npoektupoBanuio u 3D-moxpenupoBanuio, 3D-nazepHoit
obpabotke. [TogpobOuas unpopmanus o [IMUT «HanoTexHomorum» U KOHKypcax
pacriookeHa Ha caite www.startinnovation.com.

Aemopwi evipadicarom uckpennior brazooapuocms IIpasumenscmey Mock-
6bl, [lenapmamenmy HayKu, NPOMbIULIEHHOU HOAUMUKU U NPEONPUHUMAMETbCMEA
2. Mockevl, Munsxonompaszeumus Poccuu ({ocosop Ne8/3-63un-16 om 22.08.16),
@onoy coodeticmsus unHosayusim (npoexm Ne I'lIIMUT1/16315) u PODU (npoexm
16-29-06290) 3a punarcosyio noooepicKy npoexma.
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HanouHaycTpus u BbIcIIee 00pa3oBaHue:
3aJ1a44, MPO0JIeMbl, pelIeHUs

Axmemosa A.U.
unacenep MI'Y umenu M.B.Jlomonocosa, [IMUT « Hanomexnonozuuy
Amunckuu U.B.
npogheccop MI'Y umenu M.B. Jlomonocosa,
eenepanvhbli oupexmop OO0 HIIII «l]enmp nepcnekmuHblX MmexHOL0UUY,
pykosooumenv LIMUT «Hanomexnonoeuuy,
seoywuti HayuHwlti compyonux OO0 «Hepeorphekmushbvle MexHOLO2UUY.
Yaminsky(@nanoscopy.ru

AnHoTanms: [IpoGnema, koTopas 3aTpoHYTa B Halllel CTaThe, KacaeTcsl He
TOJIbKO HAHOWHYCTPUHU, HO UMEET MPSIMOE OTHOIIECHUE K K000 cepe Mpon3Bo/I-
CTBa TOBapOB U yciyr. Bo3aM0OXHO, B HAHOMHAYCTPUU OHA CTOUT OCTpee, MOCKOIb-
Ky B 00JIACTH BBICOKMX TEXHOJIOTHI CHJIbHEE OIIYIIAETCs NOTPEOHOCTh B BBICOKO-
KBaJU(UIIMPOBAHHBIX crienuaincTax. [locTaBIIMKOM TakuxX CHEHUAIMCTOB SIBIIS-
I0TCSl BbICHIME YdeOHble 3aBeneHus. llosToMy mnpennpusaTus HAHOUHIYCTPHUH
OoJbllIe APYTUX 3aMHTEPECOBAHBI, YTOOB! BICIIAs LIKOJIA Pa3BUBANACh U MPOIBE-
tasia. Kak noBeIcUTh 3((pEKTHBHOCTH BBICLIETO 00Opa30BaHus?

KuroueBble ciioBa: Boiciiee o0pazoBaHHe, HAHOUHYCTPHsI, KBAIU(DUKALIMS,
CHELMATUCTHI, 3P PEKTUBHOCTD, KAUECTBO

Nanoindustry and higher education:
problems, problems, solutions

A.l. Akhmetova
Engineer of Lomonosov Moscow State University, YICC Nanotechnology"
LYV. Yaminsky
Professor of Lomonosov Moscow State University,
General Director of LLC "Advanced Technologies Center”,
Head of YICC "Nanotechnology"
Yaminsky(@nanoscopy.ru

Abstract: This article covers the following problem that concerns not only
the nanoindustry, but has a direct influence on any sphere of production goods and
services. Perhaps, in the nanoindustry it is more acute, because in the field of high
technology there is a greater need for highly qualified specialists. The supplier of
such specialists are higher education institutions. Therefore, nanoindustry enter-
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prises are more interested in the higher school development and prosperity. How to
improve the effectiveness of higher education?
Keywords: Higher education, nanoindustry, expertise, experts, quality

V¥ poccuiickoro obpa3oBaHus €CTh Kak Oefbl, Tak U nmodeasl. K modemam B
NEPBYIO OYEPEIb CAEAYET OTHECTH MPOAYMaHHYIO CHCTEMHOCTb U B O0ILIEM cllydae
BbICOKO€ KadecTBO. Ilocnegnee moarBepkaaercs TeM (aKTOM, YTO MHOTHE BbI-
NYCKHUKH POCCHUICKHUX BY30B CTAHOBSITCS LIEHHBIMU U YCIECIIHBIMU PAaOOTHUKAMHU
3apyOeKHBIX YHUBEpCUTETOB U KommaHui. K Oegam oTHocutcst TOT (akT, yTo
OoJIbIIIe TTOJIOBUHBI BHITYCKHUKOB BY30B (55%) paboTaroT He 1o CeNHaIbHOCTH, a
JUIsl HEKOTOPBIX Mpodeccuit ata aoas poxomut a0 70-90% (nanusie Poccrara 3a
2014 r.). K Tomy ke CTyJeHThI, HAUWHAas CO CPEIHUX KYpCOB, B OOJbIIEH CTENEHU
3aHATHI 3apabaThbIBAHUEM JICHET, a HE MPUOOpEeTeHneM 3HaHUM (10 JaHHBIM NOpTa-
na Career.ru, 71% cTyneHTOB cOBMeNIalOT oOydeHHue ¢ padboroil). B HbIHENTHUX
YCIIOBUSAX U BY3bl 3aMHTEPECOBAHBI B JIOMOJHUTEIBHBIX 3apa00TKaxX OT BBEJCHHUS
IUTATHOTO 00pa30BaHMUS.

Kax moBbeicuTh 3(ppexTuBHOCTD BhICIIEr0 00Opa3oBanusi? OOpaTUTe BHUMA-
HUE, Mbl TOBOPUM HE O KauecTBe oOpa3oBaHus, a 00 addekruBHoctu. [locnenuss
CBsI3aHa KaK C 9KOHOMUKOM CUCTeMbI 00pa30BaHus, TaK U C IKOHOMHUKOH rocyaap-
CTBa B L1e7IoM. BritanpiBast ouH pyosib B 00ydeHue CIelnanucTa, CKOJIbKO pyosieit
roCyJapCTBO MOJYYUT 00paTHO B Ka3Hy? UToOBI rocygapcTBo Oorateno, 3¢ dek-
TUBHOCTH 00pa30BaHUs HEOOXOAMMO OMPENEISATh U B JICHE)KHOM BBIPKECHHH.

Ecnu 3a 0OpazoBanue miaTUT rocyJapcTBO, SBISETCS JIM OHO OECIUIaTHBIM ?
Jlist cryeHTa B mepuo/] ero o0y4deHus — Jia, a Juisi paboTaroIIero HaceJIeHus — HeT,
MIOCKOJIKY OHO OTUIAYMBAETCA 3a CUET TpyJa 3Toro Hacenenus. O0IIecTBO U rocy-
JApCTBO BIIPaBE OKMUJIATh OT BBIMYCKHUKA By3a OOJBIIONW OTIAa4yd, U HE B MOCIE-
HIOIO OYepe/lb B BHJI€ HAJIOTOBBIX MOCTYTUICHUN.

B HaieM moBecTBOBaHUM MBI UCXOAUM U3 CIAEAYIOMUX (PAKTOB:

1. TIpaBo Ha oGpa3oBanue rapantupyercs ctatbed 43 Koncruryuu PO.

2. BrojikeTHBIE pacXoIbl Ha 00pa30BaHUE COCTABIAIOT OKOJIO 2 TPUIUIMOHOB
pyOneii B ro.

3. TocynapcTBeHHBIN OIOKET HA 0Opa3oBaHue (popMUpPYETCs 3a CUET HAJlO-
IOB ¥ OTYHUCIICHH, OCTYMAIIHUX B pe3yJbTaTe TPYIOBOM AEATEIBHOCTH Hacese-
HUS — B cpeHeM okouio 20 Teic. pyO. B TOJ OT Kaxk10ro paboTHuka B PO.

4. Vyamuiics ©MeeT MpaBo Ha OecruiaTHOE ISl HEro MOJy4YeHUEe CPeIHETO
oOpa3oBaHus. B BbIicuiell mkose ecTh MpaBo Ha OecriaTHOE JUIsl yJalerocst oopa-
30BaHHUs TOJIBKO HA KOHKYPCHON OCHOBE.

5. JleHpru Ha 0O0y4yeHUE CTYAEHTOB BY30B IOCTYIAIOT HanpsaMyro u3 Ka3Ha-
yeiicTBa 1o pasHapsiake MunoOpHayku u IIpaButensctBa PD B cOOTBETCTBUU C
Or0KETOM, YTBEPXKACHHBIM [ ocynapcTBeHHOM J{yMOii.

Ecnu o6miecTBo npemocTaBisieT OyaymemMy CTYACHTY BBICIIEE 00pa30BaHKE
0ecIuIaTHO, TO OHO JOJDKHO BHMJI€Th, YTO CTYJEHT MOHMMAET CBOK OTBETCTBEH-
HOCTb niepes 001ecTBoM. Ceiiuac B OOJBLIIMHCTBE CIy4aeB CTYAEHT CBOE 3a4uCIIe-
HUE B BY3 OLIEHMBAET KATETOPUSIMH «IIOBE3JIO» WIIM «HE IOBE3JIO», 3aCIYKEHHO
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wi Het. HauBHO ObuTO OBI Mpemnosarath, 4TO y MOJOIOTO YENOBEKa, KOTOPHIM
TOJBKO YTO CTajl CTYIEHTOM, CpPa3y BO3HHMKIIO YYBCTBO JIOJITA U OTBETCTBEHHOCTH
nepes; 0011ecTBOM U paOOTHUKAMU, OTUIAYUBAIOIIUME €r0 00yUeHHE.

U 31ech MBI MOAXOAMM K CYTH HalIeTo MPeANioKEHUs: peann3oBaTh (huHaH-
CUpOBaHHE 00ydYarolieil 1eATeIbHOCTH BY30B C BOBJICUEHHUEM HEMOCPEICTBEHHOIO
noay4aTensi 00pa3oBaTeNbHBIX YCIYT — cTyAeHTa. HoBas cxema ¢puHaHCHPOBAHHUS
JOJDKHA paboTaTh CIEAYIOMMM 00pa3oM: JIFOOOM MOJOAOM YeIOBEK, >KeNaroIuil
NOJYyYUTh BBICIIEE 00Opa30BaHME, UMEET MPaBO Ha KPEIUT OT TOCYAapCTBa B pa3-
Mepe ctouMocTtu obOpa3oBaHus. [Ipu 3auncieHNN NEHEKHBIE CPEACTBAa U3 BbIE-
JICHHOTO KpeJIuTa HA4MHAIOT MOCTYNaTh B By3. OTHOBPEMEHHO y CTyJEHTa BO3HH-
KaloT OTJIOKECHHBIE 00s3aTENIbCTBA MO OTHOLICHHIO K TOCYIapCTBY IO BBIILIATE
Kpenuta. BriomHe pa3yMHO, 4TOOBI TaKOH KpeAHUT OB OECIPOIIEHTHBIM, a BBIIIIATA
€ro OCYHUIECTBJIsIACh B pa3mepe He Ooisiee 5% OT 3apriaThl B TeUueHuUe 25 JerT.

3710 mpesiokKeHue HU B KoeM 00pa3oM He MeHsieT 00beM (hMHAHCUPOBAHUS
BbICIIIETO 00pPa30BaHUs CO CTOPOHBI FOCYJapCTBa B TEUEHUE MEPEXOIHOTO MPOLEC-
ca — M3MEHsIEeTCS JIMIb KOHEYHBIH TaTeNblmK. Ho co BpeMeHeM, 1Mo mepe Imo-
CTYIIJICHUSI BO3BPATOB KPEAUTOB Ha 00ydyeHue, OpeMs puHaHCHpOBaHUS 00pa3oBa-
HUS y TOCYJapCTBa IJIAaBHO YMEHBIIACTCS, TaK KaK T0 MPOIISCTBUU B CPEIHEM TIsI-
THJIETHETO Teproja (Cpoka oOy4YeHHsI CTYICHTA) TOTIOJHUTEIbHBIC HAIOTOBBIE OT-
YHUCIICHUS OT TPYAOBOH JESITETLHOCTH BBITYCKHUKOB MOTYT MCIOJB30BaThCS IS
BBIJIaYM KPEJIUTOB HOBBIM CTyJEeHTaM. B KoHeuHOM HTOre OorutaunBaeT oOpa3oBa-
HUE MMEHHO TOT, KTO MOJYYaeT YCIyTM U COOTBETCTBEHHO IPHUOOpPETaeT HOBBIC
BO3MO’KHOCTH 110 YBEIUYEHUIO 3apaboTKa.

JlaHHas cxema MpeaycMaTpUBaeT HE TOJIbKO OCO3HAHHBINM BHIOOp CTYJEHTA,
HO M KOHKYPEHTHYIO Cpeay JUIsl By30B, KOTOpble OyIyT 3aUHTEPECOBaHbl B MPH-
BJICUEHUH OOJIBILIEr0 YMCIa YYAIIUXCS U COXPAHEHUHU KayecTBa MPEI0CTaBIAEMbIX
00pa30BaTeIbHBIX YCIYT, TaK KaK CTYACHT BIIpaBe MOMEHSATh YHUBEPCUTET B CIy-
yae yXyJIUIeHUs] YCIOBUN WM KadecTBa 00pa3oBaHUs. 310poBasi KOHKYPEHLUS HE
TOJIbKO MEXJy CTYJEHTaMH 3a MECTO B By3€, HO M CpPEAM BY30B 3a CTYJEHTOB
J0JDKHA TO3BOJIMTH COAlaHCUPOBATh BCIO CUCTEMY oOpazoBaHus. W cTyaeHTHI, U
YHUBEPCUTETHl MOTUBUPYIOTCS, YTOOBI 110 OKOHYAHUU OOYUEHHS BBITYCKHUK ObLI
TPYAOYCTPOEH, a KPEIUT MOTalleH B MaKCUMaJbHO KOPOTKHE cpokH. [losBiseTcs
JIOTIOJIHUTENIBHBIN KPUTEPUIl OLIEHKH KadyecTBa MPEAOCTaBISIEMOr0 0Opa3oBaHUS.
CTyneHT, NOoJy4YuBIINI KaueCTBEHHOE 00pa30BaHNUE U OTHOCHUBIIHUMNCS K €ro Moiy-
YEHHUIO OTBETCTBEHHO, CYLIECTBEHHO BBIMTPBHIBAET HAa PHIHKE TPY/a BHICOKOPa3BH-
TOT'0 MHAYCTPUATIBHOTO 00IIIECTBA.

Taxum 006pazomM MBI TOCTHraeM cpasy ABYX LEJNeld — CO3[aeM IOKOJICHUE,
OTBETCTBEHHO JIENA0IIee CBOM BHIOOP, U CTPOUM CHUCTEMY OOpa30oBaHHUs, aJalTH-
PYIOILIYIOCS K COBpEMEHHBIM peanusM. [IpenioxeHHast HeclI0XKHasi cxema OTBeda-
€T Ha BOMPOC, MJIATHBIM WM OECTIJIaTHBIM SIBJIsIeTCS 00pa3oBaHue?

OTtmeTuM eme pas3, 4TO MOJYYEHHE BBICIIETO 0Opa3oBaHUs MO-TPEKHEMY
CleyeT MPOBOJAUTH HA KOHKYPCHON ocHOBe. OCHOBHBIE M CYIICCTBEHHBIC MPHH-
IIUIIBI COBPEMEHHON CHCTEMBI — OTKPBITOCTh M JOCTYMHOCTh — MpeAsiaraeMast cxe-
Ma He 3aTparuBacT U HE MEHSET.
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K Hamemy 00nbIIOMY yJOBJIETBOPEHHIO U PAIOCTH, Y HAC €CTh YCHEIIHbIN
OMBIT B3aUMO/ICHCTBUSI HAHOMHAYCTPUU U BBICIIEH IIKOJBI HA TPUMEpPE ABAALATHU-
MSATUIETHETO COTPYAHUYECTBA MHHOBAUMOHHOW KommnaHuM «LleHTp mepcrekTHB-
HbIX TexHonorui» u MI'Y nmenu M.B. JlomonocoBa. CTyeHTBI M aCIUPAHTHI I10-
aydyanu Oorarbli 3amac (pyHIaMEHTalIbHBIX 3HAHUW Ha (HU3MUECKOM (PaKyIbTeTe
MI'V, a HaBbIKM MPAKTUYECKOW JEATENBHOCTH MPHOOPETANN MpHU CO3JaHUM CKa-
HUPYIOIIKUX 30HJIOBBIX MUKPOCKOIOB M BBINIOJIHEHUU MPUKIAIHBIX paboT B 00Ja-
CTH HAaHOTEXHOJIOTMH. 3ajor ycnexa Bcerga Obll HIMEHHO B TECHOM COTPYIHHUYE-
CTBE BBICILIETO0 00pPa30BaHUS U BBICOKOTEXHOJIOTMYHOM OTpaciidi HAaHOMHIYCTPHH.
OtpanHo To, uyTo NpakTuyecku 90% HaAMIMX CTYAEHTOB MPOJOJIKAIOT CBOIO paboTy
10 OCHOBHOM CNEIMaIbHOCTH B 00JACTH BBICOKHX TEXHOJOTUH.

['aBHbIE 11€JIM TOTYYEHUS BBICHIETO 00pa30BaHUsI — BHICOKUE JIOJDKHOCTH U
OombIIKe 3apaboTKH, a 3TO 03HAYAET, YTO MPH JOCTUKEHUH LEIH B OI0HKET OyAyT
NOCTYNaTh YBEIMYEHHbIE HAJIOTOBbIE MOCTYIJICHUSI OT TPY/1a BBIITYCKHUKOB BY30B.
DKOHOMHUKA TJIATHOTO OOYYEHUS CIIOKHMTCS YCHEIIHO — TaKOW MPOrHO3 MOXKHO
clenaTh Ha OCHOBE IIPOBEAEHHOTO OMpPOCa.

Kak Bbl OueHWMBaeTe Ka4eCTBO COBPEMEHHOTO
BbiCWero 06pazoeanva B Poccumn?

3aTpyaHACD
= L4449, Xopowee

A
e Y 1%

Mo nakkeM GOM, 2004

Puc. 1. Borvwuncmeo YHUacnmHUuKo6 onpoca noJodicumeslbHo OyeHueaon Ka4vecmeo
pOCCMﬁCKOZO sblcuieco 06pa306aHuﬂ.

BbiCLIEro 06pazosaHmn?
anom _ 49”/0
s esore | /7 -
———cead  JHOD
e pei
—

Mo passwme GOM, 2014
Puc. 2. [loumu nonoguna yuacmuuxos onpoca Cmpemamcs K 3auamuio blCOKUX 00ANCHOCmel U
NOLYYeHUI0 DONbUUX 3APAOOMKO8.

Jlureparypa

1. A. U. Axmerosa, 1. B. SAImunckuii. [Ipo6nema nanounayctpuu: [lnat-
Hoe OecrutaTHOe oOpa3zoBanue. Hanounoycmpus, (3(65)):110-112, 2016.
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