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KnbepHernueckasa pesonouus
M rpaaywime TexHosiormyeckume
TpaHcchopMmauum
(pa3BuTHe BeaywmMx TEXHOJIOrM B CBeTe
TEOpPUM NPOU3BOACTBEHHbIX PEBOJIIOLNN)

A. JI. TpyuHnH, J1. E. TpuHUH

BBogHble 3aMeuyaHun

B mpemmrecTByromiel cTaTbe MBI IBITAIUCH ITOKA3aTh COIMAIBHYIO 3BOOIIHIO
B TEXHOJIOTHUYECKOM aclleKTe, HauMHasi C BEPXHENaIe0INTHUECKON PEBOTIOIUU
U JI0 caMOTrO TOCJIETHET0 BpPeMEHH. TeXHOJOTHMYECKHH AaCIeKT COLHAIbHON
SBOJIIOLUM OBUI IMPEACTAaBICH B PaMKaxX TEOPUH IMPHHIMIIOB IMPOM3BOACTBA
1 TPOM3BOJCTBCHHBIX peBoNtonni. HacTosmmmas ctaThst mpogoinKaeT 3To uccie-
noBanue. OHa MOCBSAIIEHA aHANM3Y MOCIETHEH MPOU3BOACTBEHHOH PEBOJIIO-
N — KHOSPHETUIECKON — I PACCMOTPEHHIO W3MEHEHHH, IIPOUCXOIUBIINX B €€
xoJie, HaunHas ¢ 1950-x rr. Ho ocob6oe BHUMaHUE B CTAaThe yJIEJICHO TEM U3Me-
HEHHSIM, KOTOPBIE C BBICOKOW JOJIEH BEPOSTHOCTH MPOM3OUIYT B PE3yibTaTe
KnbepHeTH4YeCcKoi peBomonnu B Ommxaiimme 30—-60 jgeT. A Mo HEKOTOPHIM ac-
MeKTaM TPOTHO3HI naroTcs a0 kKonma XXI cronerus. B cBoem aHammse MBI,
C OJHOU CTOPOHBI, OIIMPAEMCS] HA MAKCUMAaJIbHBIM Y4eT HOBEHIINX TOCTUKEHUN
1 TEHICHIINH HAayYHO-TEXHHUYECKOT'O IpOorpecca, a ¢ APYrod — OCHOBBIBAEMCS
Ha BO3MOKHOCTSIX TEOPHH IMPOHU3BOJCTBEHHBIX peBoutonuii. Yurarens yoeaut-
cs, 4yTo Onarofapsi 3TOW TEOPUH yNACTCsS YIadyHO HHTEPIIPETUPOBATH MHOTHE
q)aKTBI 1 TCHACHIOHUHW COBPEMCHHOI'O0 TCXHOJIOTMYECKOI'0 pa3sBUTUA U HAACIKHEC
000CHOBBIBATh NPOTHO3BI PAa3BUTHS B OYAYIIEM.

IIpexne yem nepeiT K yKa3aHHOMY aHaJIU3y, UMEET CMbICI OYEHb KPATKO
CYMMHPOBATh OCHOBHBIE H/IEH TEOPHUH ITPOU3BOACTBEHHBIX PEBOJIIONHNIA.

Paspen 1. KWNBEPHETUYECKASA PEBOJIIOLINA: OCHOBHbIE
XAPAKTEPUCTUKWN, OBOCHOBAHME,
METOAOJ10Irnd NPOrHO3NPOBAHUA

1.1. OcHOBHbIE Uaen n BbiBOAbl TEOPUN
NPON3BOACTBEHHbIX PEBOIIOLUNA

CornacHo Hamedl KOHIETIIMH, BECh MCTOPWYECKHH IPOIECC C TOYKU 3PEHUSI
KOPEHHBIX TEXHOJOTUYECKUX M3MEHEHHI MOXHO pa3[esiuTh Ha YEThIpEe KPYII-
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168 KnbepHeTnyeckas peBonouus

HBIX Iepruoja. B xauecTBe MoHATHSA, KOTOpOE OB XapaKTEPU30BaJIO TAaKUE TEX-
HOJIOTUYECKHE 3MOXH, HAMU OBUT NIPEUIOKEH TEPMUH HPUHYUN NPOU3BOOCEA.
M5!I BbLIEIISIEM YeThIPE TIPUHIIHIIA TPOM3BO/ICTBA!

1.OX0THHYBE-COOUPATEIBCKUH.

2. ArpapHO-peMecIeHHBbII.

3. IIpOoMBIIIIEHHO-TOPT OBBIH.

4. HayuHO-K1OepHETHUECKHH.

CMeHa NpHHIWIIOB IPOW3BOJCTBA CBA3aHA C HAYAJIOM M COBEPIICHHEM
IPOM3BOJCTBEHHEIX peBomommii’. Peus maer 06: 1) arpapHoil peBomoLuK;
2) IPOMBIIIITICHHOW PEBOIONNH; 3) KHOepHeTHIecKoi peBomtormn (cM. Puc. 1).

IIpousBoaACTBEHHBIE PEBOJIIONNH

ArpapHas IIpombilieHHAs KubepHernueckas
(12-10 tBIC. — mocnennsis Tpets XV B. — (1950-2060/
5,5-3 ThIC. 1. H.) niepBas TpeTh XIX B.) 2070-e rT.)

Puc. 1. Npon3BOACTBEHHbIE PEBOTIOLUN B UCTOPUU

Kaskrast mpon3BoICTBEHHAS PEBOJIIONMS BKJIIOYAET B ce0s TpU (asbl: JBE UHHOBA-
yuoHHvle (HaYaIbHYIO M 3aBEPIIAIONIYI0) U OAHY CPEIHIO, PACIONAraloyrocs
MEXy MHHOBAIIMOHHBIMHE (ha3amu — modeprusayuonnyio (cMm. Puc. 2).

Ha navanbHO uHHOBayuonnou haze GopMHUPYIOTCST aBaHrapIHble TEXHOJIOTHH,
PacTIpOCTpaHSIOIMECST 3aTeEM Ha JIpyrue oOIecTBa M TEppUTOpHH. Bo3HUKaeT mep-
BHUYHAsI CHCTEMa HOBOTO NPHHIUIA MPOU3BOJCTBA, KOTOPask AJIUTEIHLHOE BpeMs
COCYIIECTBYET CO CTapbIMM TEXHOJOTUSAMH. 3aTeM HAUMHACTCS CPEIHAA Mooep-
Husayuonnas $haza — JUTUTENBHBIN 1 0Y€Hb BaXKHBIA NEPHOJ PaCIpOCTPAaHEHHS,
oOoramienus, TuBepcuUKanny HOBBIX TEXHOJIOI'MH NMPUHIMIIA MPOU3BOACTBA
(TOSIBUBIIMXCSl HA HAaYaJIbHOW WHHOBALMOHHOH (hase), meproj| yIyqIiaronmx
n300peTeHNi, B X0/1€ KOTOPOTO CO3JIAIOTCSl YCIIOBHS JUISl 3aBEPLIAIOIIETO MH-
HOBAI[MOHHOTO PHIBKA.

B pesynbrare 3aBepuiarortei uHHo8ayuonHou (Gasbl IPOM3BOICTBEHHOH PEBOJIIO-
LMY HOBBIM TIPUHIIMIT IPOM3BOICTBA IOCTHTAET paciBera. [To Mepe Toro kak pa3Bo-
padnBaeTcs 3aBepIuaromnias (asa Mpou3BOICTBEHHON PEBOIIOIMH, OTKPBIBACTCS
Kak OBl «CMBICIT» MIPHUHITUIIA MPOM3BOJCTBA, a TAK)KE €ro BO3MOXKHOCTH U TIpe-
JIeITBI, PEIINTENIFHO PACHIMPSIOTCS ero reorpaudeckue paMKH 3a c4eT HOBBIX
o01mecTs.

! B cHcTeMHOM M O(OPMIIEHHOM BHJIE TEOpHs TPHHITMIIOB TIPOM3BONCTBA H MPOH3BOJICTBEHHBIX PEBO-
JIIOLIHIA BriepBbIe Oblia onyoimkoBana B: ['puaun 1995-1996, ku. 3. Hanbonee 00CTOATENBHO U3IOXKE-
uel B: ['puanm 1997-2001; 2006; 2009; 2012, 2013; I'punrm, Koporaes 2009. Ha ykaszannble paOoThI
MBI B JIAJIbHEHIIIEM TTOYTH HE CChUIAEMCsl, HO OTChUIAEM K HHM YHUTATells, €CIIM OH 3axoudeT Oornee Je-
TAIBHO 03HAKOMHTHCS C TEOPHEH IPHHITUIIOB IIPOU3BOACTBA M COOTBETCTBYIOMICH JIMTEPaTypOiL.
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ITepexon k 3pesibiM
Tanam NpUHUMIA
MPOM3BOACTBA

=

3aBepmarouias
(MHHOBAIIMOHHAS)
¢aza

A
Cpennss

(MoepHHM3ALIMOHHAS)
paza

= =~

HavanbHas
(MHHOBAIIMOHHAA)
paza

Puc. 2. CTpykTypa npou3BOACTBEHHbIX peBoaoUni (dasbl U UX TUMbI)

HanoMumM, 4T0 B pe3ynpTate arpapHoi peostormu cHadana (X—VII Teic. 10 H. 3.)
BO3HHUKIM MPUMUTHBHBIE 3emienenue (pydyHoe) M CKOTOBOJCTBO, a 3aTeM
(maumHas c III TeIC. 10 H. 3.) IPOM30ILIEN NMEepPexo] K MHTCHCUBHOMY 3eMIiIejie-
JIUIO (MPPUTAIIOHHOMY WM IUTY’)KHOMY HETIOJIUBHOMY). DTH U3MEHEHHS TaKXKe
npeacraBieHsl B Taom. 1.

Tabnnya 1. ®a3bl arpapHol peBontounmn

Hg};’;ﬁ:’“ Tun Hazanue’ Jdatsi HN3menenusn
Hauains- WuHoBaru- Pyunoro 12-9 TeIC. Ilepexon k NpUMUTHB-
Hast OHHAas 3eMITeCTIHS . H. HOMY py4HOMY (MO-
TBDKHOMY) 3€MIIC/ICITUIO
U CKOTOBOJICTBY
Cpenusist MopepHu- Bes3 nasBa- 9-5,5 THIC. ITosiBiIeHHE HOBBIX 0OJ10-
3allUOHHAs HUS 1. H. MAaIlTHEHHBIX PACTEHUH
Y )KUBOTHBIX, CO3/1aHHE
KOMIIIEKCHOI'O CEIbCKO-
ro X03sI1MCcTBa, MOsBIIC-
HUE MTOJTHOTO Habopa
CEITbCKOXO03HCTBEHHBIX
HWHCTPYMEHTOB
3aBepma- | MuHOBa- [omusroro | 5,5-3,5 teic. | Ilepexon k uppUranuoH-
om1as LUOHHAS U TUTYXKHOTO . H. HOMY WJIH IUTY>KHOMY
3eMiIeenus HEMONMBHOMY 3eMJIECZIETTHIO

2 B o1oit cneny}omeﬁ TabuIaX HA3BAHUS JaHBI TOJIbKO WHHOBAITUOHHBIM (ba3aM, MOJACpHHU3aI U~
OHHBIM <1)a3aM CIICIMAJIbHOI'O Ha3BaHUA HE TpeGyeTc;{.



170 KnbepHeTnyeckas peBonouus

B xone mpomsinuieHHoM peomtonuu B XV—-XVI BB. mpouzonuin KopeH-
HBIE IIEPEMEHBI B Pa3BUTHH MOpPEIUIABAHKSA U TOPrOBIH, a TAK)KE B MEXaHM3a-
UM Ha OCHOBE BOISHOTO JOBUTATENS W pasleneHus Tpyxa. 3atem B XVII —
nepsoi Tpetu XIX B. mpousoluia 3aMeHa py4HOro TpyJa MAallWHHBIM, & BOJ-
HOW M MYCKYJBbHOH 3HEpPruy — MapoBOil. DT U3MEHEHMS TaKXKe IpPeACTaBICHBI
B Taoum. 2.

Tabnuya 2. ®a3bl NPOMbILLSIEHHON PeBOMOLNM

Mopsinox

¢asbl
Hauans- WuHOBa- Manydaxryp- XV- Pa3Butue moperasa-
Has LIMOHHAsA Has XVI BB. HMsI, TEXHHUKH U MeXa-
HU3alH{ Ha OCHOBE BO-
JSTHOTO JIBUTATeIlsl, pas-
BUTHE MaHy(aKTyphI
Ha OCHOBE Pa3IeNeHuUs
TPyJa ¥ MEXaHH3aIHN
Cpenssist MonepHu- Bes HazBanms XVII - DopMupOBaHUE KOM-
3aI[OHHAs Havajo TUIEKCHOTO TIPOMBIIII-
XVIII B. JICHHOTO CEKTOpa U Ka-
MHUTATMCTHYECKOTO XO-
3sIMCTBA, POCT MEXaHU-
3aIUy ¥ MaciTaboB
pa3zeneHust Tpyaa
3aBep- WuHoBamm- | MammHHAs 1730- Co3maHne CeKTOpOB
HIaromast OHHAs 1830-e rr. | ¢ MamIMHHBIM OUKIOM
TIPOMU3BOJICTBA C IIPUMe-
HEHUeM apoBoil sHep-
THH

Tun Ha3Banue Jarbl HN3menenus

Hauanpnas (asa xkubepHermyeckoii pesosrormu (1950-1990-¢ rr.) cBsizaHa
C HpOpBIBaMI/I B aBTOMAaTHU3all1H, 3HepFeTI/IKe, B O6J'laCTI/I CHUHTCTHYCCKUX MaTEC-
pHaoB, HO OCOOEHHO B CO3MAHHMH JJCKTPOHHBIX CPEICTB YIPABICHUS, CBS3H
u unpopmarmu. B HacTOSNIMA MOMEHT KHOEpPHETHYECKas PEBOJIIOIHS HAXO-
JUTCS HA CPEHEH MOJCPHHU3AIIMOHHON (a3e, BO BpeMsi KOTOPOH MPOMCXOIHUT
OJTHOBPEMECHHO MOIIIHOE PACIPOCTPAHCHHE BCEX MPEANICCTBYIOIIUX JTOCTHXKE-
HUM W MX CYIIECTBEHHOE yiydiieHue. TakKe TOTOBATCS TEXHOJOTHYECKUE
1 0OIIECTBEHHBIE YCIIOBHS JUTsl Oy/IylIero peiBka. 3aBepiuaroriast (aza, no Halmm
pacueTaM, MOKET HadaThcs B Ommkaiimme necstwierus — B 2030-2040-e rr.
MsI npearnosiaraeM, 4To 31a (hasa pPEeBOJIIOIUK, Ha3BaHHAS HAMH «3IOXOH (ca-
MO)YIIPABIIIEMBIX CHCTEM», HAYHETCS C IOIBITOK CYMICCTBEHHBIX KOPPEKIIHIA
WK AaXKe MOTU(HUKAIMKA OHOJOTHYCCKONW MPUPOIBI CAMOT0 YEIOBEKa, TO €CTh
MPOPBIBAMH B MEIHUIIMHE M OMOTEXHOJOTHIX. CxeMa KHOepHETHUECKOH pPeBo-
JIIOLIMY TIpeicTaBieHa Ha Puc. 3.
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IIepexoa K 3peJibIM 3TanamM
Hay4HO-KHOEPHETHYECKOTO
TIPUHIMIIA TPON3BOJICTBA
nocae 2070-x rr.

Cpennsist paza

Tun ¢a3pl: MogepHU3ALIMOHHAS

[Meproa: 1990-2020-¢ rr. .

3aBepmaromas ¢asa

Tum (ha3el: THHOBAILMOHHAS
o HasBanue: camoynpasnsiemvix

cucmem

Ilepuox: 2030-2070-¢ rr.

HavanbHas da3za

Tun ¢aspl: ”HHOBaLIMOHHAS
HasBanue: nayuno-ungopmayuonnas
[Mepuoa: 1950-1990-¢ rr.

Puc. 3. ®a3bl kubepHeTM4eCcKon peBonumnm

1.2. OCHOBHbIE XapaKTepUCTUKN KnbepHeTnueckom
peBosirounmn

MbI BBIIENHIIA OCHOBHBIE XapaKTEPUCTUKHA KAHOEPHETHIECKON PEBOIOIINH, KO-
TOpble B PA3HOI CTENEHM HATSIAHOCTH YK€ INPOSBIIM ce0s Ha HadalbHOU
U cpejiHeii ee (asax, HO ele 6ojee peeBaHTHO MOKAXYT ceOsl Ha ee 3aBepina-
rorei ase.

I'pynna cBoiicTB ynpapJ/isieMOCTH U CAMOYIIPaBJIsieMOCTH

1. KayecTBeHHBII pOCT yNpaBIIeMOCTH CUCTEMaMH U IPOLeccaMy pa3HOH
TIPUPOJIBI, Pa3HOro Maciitaba W ypOBHS CIOKHOCTH, TO €CTh HEPEXOA K caMo-
YIPaBIAEMOCTH CHCTEM. BO3HHKHOBEHHE YCTOMUYMBBIX CaMOYIPAaBISAEMBIX
1 CaMOPETYINPYEMBIX CHCTEM, CIIOCOOHBIX K aBTOHOMHOMY (PyHKIIMOHHpOBa-
HUIO U CAMOCTOATCIIbBHOMY HpI/ICHOCO6HeHI/IIO K UIBMCHCHMUAM.

B paMKax 3TOTrO BEAYIIETO HAIIPABJICHUA YIKE UMECIOTCA U €II€ BOSHUKHET
MHOKECTBO BApHaHTOB OOECTEUCHHUS] TAaKOW YHPABISIEMOCTH M CaMOYIIpaBIIsie-
MocTH. B ux umcie crout oco0o yka3aTh: BO3AEHCTBHE Ha HanOoJiee KITFOYEBEIC
9JIEMEHTBI CHCTEM W 3Talbl IPOLIECCOB; YIPaBIIEMbIH «PEMOHT» Hanboiee ys3-
BUMBIX JIEMEHTOB CHUCTEM 3a CUET PECYPCOB CaMOM CHCTEMBI MM MHHUMAIIBHO-
ro BMEIIAaTeNbCTBA; NPOrHO3UPOBAHHME M NPEJOTBPAIICHAE BO3MOXKHBIX IIPO-
61em; oOecrieyeHHEe BO3MOXHOCTH PEreHepalyl OTAENBHBIX Haubosee ys3BH-
MBIX 3JIEMEHTOB U T. II.

2. Bp160p onTHMaNbHBIX PEXHMMOB B paMKaxX KOHKPETHBIX IIeled U 3a1ad
(kak Jorudeckoe CIICJICTBUE MIEPBOI XapaKTEPUCTUKN).
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3. AKTUBHOE pa3BUTHE MPAHCKUOEepHemuyecKkux CaMOYIPaBIISIEMbIX CH-
CTeM, KOTOPbIC OPTaHUYECKH BKIIFOUYAIOT B Ce0s MPUHIIUITBI K MATEPUAIIBI CUCTEM
BCEX YPOBHEH: HEXKHBBIX, KHMBBIX, TCXHUYCCKUX, COIMAIBHBIX. B yacTHOCTH,
HAYHETCS MPOIeCcC CO3IaHMsI OMOTHUECKUX (OMOTEXHUIECKHUX) CUCTEM (B YHCIIO
KOTOPBIX MOCTENEHHO OYAET BXOAWUTh M YEJIOBCUYCCKHU OPraHW3M), B pa3HOU
CTENeHN BKJIIOYAIOUIMX B CeOsl MPHUHIUIBI U MATEpUAbl )KUBOH M HEKUBOMN
MPUPOJIBI, (DYHKIMOHUPYIONIUE HA OCHOBE HE TOJBKO OHOIOTMYECKHX, HO
U TEXHHUYECKHUX MPUHIMIOB; a TaKXKe elle Ooyiee CI0KHBIX OHOCOLMOTEXHH-
YECKHUX CHCTCM.

I'pynna npu3HAKOB aJanTAIIMd MATEPHAJIOB U CHCTEM K 3aJa4aM

4. VnauBuayanm3anus Kak IIeNTb ¥ OPUCHTHP B PAa3BUTHU TEXHOJOTHH
u OusHec-cTpareruit. CeroHs WHIUBHAYaTU3aIHs MPOSBISCTCS B Pa3BUTHH
TEXHOJIOTHH, CHOCOOHBIX MAaCCOBO IMPOU3BOAUTH TOBAPHI, HO MEIIKAUMH CEPHSIMHU
WK aXe 10 WHAMBHUIYAIBHBIM 3aKa3aM U ¢ YYETOM HHIUBHIYaJIbHBIX 3aIpo-
COB TOTpeOuTeNs, MO0 CO37aBaTh TaKHE TOBAPHI, KOTOPHIE CAaMH CHOCOOHBI
MOJICTPANBATLCSA M TEPECTPAUBATHCSA IOJA BKYCHI MOTpeOUTENs (IaBas emy
BO3MOKHOCTh M3MEHHUTH UX OCTATOYHO CYIIECTBEHHO B COOTBETCTBHH CO CBO-
MU 3ampocamMu). B OymayiieM paciupsTcs BO3SMOKHOCTH BbIOOpa MHIUBUIY-
QIBHOW TMpOTrpaMMBl KaK Hamboliee ONTHMANBHOHM (31IECh TMPOCICKUBACTCS
CBsI3b C IMYHKTOM 2), B YaCTHOCTH ISl PEIICHUS KOHKPETHBIX 3aaad W T. II
C yBenmmueHHEM SKOHOMHYECKOTO 3HAYCHUS METUIIMHBI OPUCHTAIUS Ha yCIy-
T, HalpaBJICHHBIC HA YYET WHIUBHIYaIbHBIX OCOOCHHOCTEH OPraHU3MOB JIFO-
JIeH U MX JKEJTaHUsI, PE3KO YCHUIIUTCS.

5. MuHHaTIOpU3ays, TO €CTh MOCTOSHHOE YMEHBIICHHE Pa3MEpoB JleTa-
nelt, mpubopoOB, MAIIMH U T. TI.

6. DKOHOMHS PECYPCOB M SHEPTHH B JIIO00H 00JIACTH ESTETHHOCTH, B TOM
YHCJIe MyTEeM MHUHHUATIOPU3AIMK CHCTEM, JIOKAIHM3alUU 00JacTH BO3JCHCTBUS
UT. I

7. TlomydeHue 3aJaHHBIX, MPESKAC HE M3BECTHBIX CBOMCTB B XUMHYECKHX,
OMOJIOTHYECKUX U OMOHUYECKUX (TEXHO-OMOJIOTMIECKHX) CHCTEMAX.

Pasznuunvie nanpaenenus pazeumust O0IICHbLL 0amb IP@exm cUcmemHo2o
KaIacmepa UHHOBAYUL, KAK 3MO 6ce20a bvleaem 6 UHHOBAYUOHHBIX (a3zax npo-
u3Bo0cmeennvix pesonioyuti. B nienom 3aBeparonryro (rpsaymyio) ¢asy ku-
OEpPHETUYECKOM PEBOJIOIMH MOXXHO HAa3BaTh 3MOXOH caMOYNPAaBIsfAeMbIX CH-
CTeM, TaK KaK CMBICI JTOM PEBOJIIOLMU TIOCIE €€ 3aBEPILICHUs 3aKIF0YaeTcs
B MPUOOPETEHUH CIIOCOOHOCTH CO3[]aBaTh CUCTEMBI CAMOT0 Pa3HOro (HauyuHas
C HAaHO-) YPOBHS, KOTOPBIE MOTJIH OBI OBITH CAMOYIPaBIIEMbBIMH JIHOO yTIpaB-
JSAThCSI KOCBCHHBIM 00pa30M depe3 IPYrue CHCTEMBI MM 3a CYET TOYCYHBIX
BIUSHUN W Koppeknuidt. Takum o0pa3oM, B pe3yibTaTe pPaclpoCTpaHSHHS JO-
CTIDKEHHI 3TOW PEBOJIOIMKA HAYHETCS IEPEXO0.l K MPOHU3BOJICTBY 0cO00r0 poja
TEXHOJIOTHI ¥ IIHUPOKOMY BHEIPEHHUIO MX B )KM3HB. llociennne mo3BoisT co-
3IaBaTh W HCIOJIb30BaTh Pa3HOOOpa3HbIC YCTOWYHMBBIC CaMOYIPAaBIIICMbIC
(M caMOpeTyIUpYIONIUECs) CHCTEMBI: TIPOU3BOACTBEHHbIE, ONOIOTHIECKUE, PH-
3HOJIOTUYECKUE, TPAHCIIOPTHBIC, KOHTPOJIUPYIOIIHNE, TEXHOCOIUAIBHEIC, & TaK-
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K€ KOMIUIEKCHBIE (B TOM 4Hciie OMOHUYECKHE M COLIMOOMOTEXHUYECKHE) U Ja-
XK€ OTJENbHbIC COLMalbHbIe. B pe3ynprare 3TOro — MOBTOPUM — Ha TMOPSIOK
BO3pPAcTET BO3MOXHOCTh IFIAHUPYEMO M 0€3 HEermocpeJCTBEHHOTO BMEIIaTeNb-
CTBA YEJIOBEKA BIHUATH HA PAa3BUTHE MM AAXE YIPABIATH CAMBIMH Pa3HBIMHU
IpolieccaMy, YIpaBIeHUEe KOTOPBIMHU B HACTOSIIIII MOMEHT HEBO3MOXKHO JTHO0
KpaiiHe OrpaHUY€EHO.

CaMoynpasJ/isieMOCTh B IBOJIIOIIMOHHOM acmeKkTe. B paMkax Hactosiie-
TO albMaHaxa CTOUT OTMETUTH, YTO PA3BHUTHE YNPABISIEMOCTH CHCTEM IIpEn-
CTaBJsIETCST HAM OJHHMM M3 HauOojee Ba)KHBIX TPEHIOB SBOJIOLMHU B IIEJTIOM.
B 3HaUMTENHHON Mepe TaKOBBIMH BBICTYIAIOT 3BE3IbI, CIIOCOOHBIE TOCTE HC-
TOLICHUSI ONPEIEICHHBIX BUJOB «TOPIOYEIro» MepexouTh Ha JIpyrue ero ¢pop-
MBI (32 CHET HOBBIX PEAKIMH) U COOTBETCTBEHHO ITOACPKUBATH CBOM pa3Mephl
u GpopMy. MHOKECTBO CaMOYIPaBIISIEMbIX CHCTEM TIOSIBIIETCS B PaAMKaxX XUMH-
4eckoW (opMbl IBIDKCHHS MaTepuu. Ha cTraamy mpemKu3HM MOXKHO HaWTH
yIUBHUTENIBHBIE TPUMEPBI CAMOYIPABISIEMBIX CUCTEM. EcTecTBEeHHO, UTO )KN3HBb
C TOYKHU 3pEHUsI CaMOYIIPaBISIEMOCTH AEMOHCTPUPYET HaM ele 0ojiee BEICOKHE
ee o6pasiel. Ilpu 3TOM 3BOMIONMSA KU3HHU UJIET MO IIYTH Pa3BUTHUS caMoil caMo-
YIPaBIsIEeMOCTH, HapUMep (OPMHUPOBAHUE IIEHTPAILHON HEPBHOM CHCTEMBI —
IIyTh MOBBIMIEHUS CaMOpEryisaluu opraHu3Ma. OueBHUAHO, CaMOPETYIALMS —
YHHBEpCAJIbHOE SBJICHHUE, XapaKTepHOe Uil OOJBIIMHCTBA CHCTEM. Pa3nnaHble
(OpMBI COLMANILHOM OpraHU3aluK B YXMBOTHOM MHpE TaKkKe AEMOHCTPHPYIOT
HOBYIO CTYIICHb Pa3BHUTHs CaMOYIIpaBiIsgeMbIX cucrteM. HepBHas cucrema BO
MHOTOM 3aMEHMJIa TYMOPAJIBHYIO PEryJIsiuIo Kak MeHee 3ddekrusHyro. Hako-
HeIl B XOJ/I¢ COLMAIIEHON HBOJIIOIMH CIIOCOOHOCTh K CaMOYTNPaBJIIEMOCTH BO3-
pacraer, B TOM 4YHCIIe 32 CUET BO3HMKHOBEHHsI KOPIOpAalMi M rocyIapcTBEH-
HBIX CHCTEM (BKJIIOYAsl JEMOKpATHIO). 3aTeéM B XOJA€ BHEAPCHHS Pa3IUIHbBIX
n300peTeHNH MOSIBISIOTCS U TEXHUYECKUE CAMOYIPABISIEMbIE CUCTEMBI, YHCIIO0
KOTOPBIX B IPOLIECCE Pa3BUTH MHIYCTPUAIBHBIX OOIIECTB KOJOCCAIBHO BO3-
pacraer. Takum 0OpazoM, KHOEpHETHYECKas! PEBOJIOLHS, TOPOANBINAS MHOXKE-
CTBO HOBBIX CHCTEM CaMOPETYJSIIHHM W CaMOYMpaBJICHHUS, MOXeT OBITh pac-
CMOTpEHa B psily HE TOJILKO IPOM3BOJICTBEHHBIX PEBOJIIOLUM, HO U OoJiee JUTH-
TEJIBHOTO BOJIIOIMOHHOTO Pa3BHUTHSL.

OcHOBHBIE HamMpaBJeHHs], C IPOPHIBOM B KOTOPBIX, KaK MBI JyMaeM,
HavyHeTcs 3aBepinaronas pa3a KuOepHETUIECKOW PEBOIOIIH, — 3TO MEIUIMHA
1 OMOTEXHOJIOTHH, @ HECKOJIBKO I03Ke, YKe B IpoLiecce pa3BOpadyMBaHUsI 3TOH
($a3pl (caMOymIpaBIIIEMbIX CHCTEM), — U HAHOTEXHOJIOTHH (TOAPOOHOE 00BsIC-
HEHHUE 3TOMY JaHO HWXe). [loamomy 6 Hacmoswel cmambve Mbl NOOPOOHO pac-
CMOMPUM UMEHHO MU MPU OCHOBHLIX HANPAGIEHUS KUbepHemuiecKkou peso-
oYU MEOUYUHY, OUOMEXHON02UIO U HAHOMEXHONOZUIO.

3HaueHHne TEOPHH NPUHIUIIOB MPOU3BOACTBA M IMPOU3BOJCTBEHHBIX PEBO-
JIIOLMH B TOM, YTO OHU HE TOJILKO ITO3BOJIAIOT C/enaTh Oojiee riryooKoe M Mmpo-
IOYKTHBHOE OIMCAHME 3BOJIOLUH TNPOU3BOACTBEHHOIO M TEXHOJIOTHYECKOTO
Pa3BUTHS, HO M JAIOT HHCTPYMEHT JUIS IPOTHO30B B OTHOLIECHUH Pa3BOpavMBa-
HUSI KHOEPHETHYECKOHW PEBOMIONUM M HAYYHO-KHOEPHETHYECKOTO IPHHIUIA
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pou3BoJCcTBa. Hanuuue Takoro MHCTpyMEHTapusl — NMPU3HAK Hay4YHOCTH TEO-
pun. Ham mporHo3 OCHOBBIBAETCSI Ha BBIABICHHBIX 3aKOHOMEPHOCTSAX MEXIY
(hazamMu IPOU3BOACTBEHHBIX PEBOJIIOIIHH.

Crenyromuii pa3aen NOKaXeT, B YEM COCTOAT 3TH 3aKOHOMEPHOCTH M Kak
OHHU MOTYT OBITh UCIIOJIL30BaHBI U1 IPOTHO30B.

1.3. Jlornka npou3BOACTBEHHOW PEeBOJIIOLUMU: aHANU3
(PYHKLIMOHANIbHOCTU U COOTHOLUEHUI MeXXAy dTanamm

HamomHuM, 4TO B OCHOBE IPEATI0KEHHOHN KOHIETIMH IIPOU3BOJCTBEHHBIX pe-
BOJIIOIIMH JIC)KUT WJES, YTO B JIFOOOH MPOM3BOACTBEHHOI PEBONIOLUM KaXIast
u3 Tpex ee (a3 BBINOJHSACT (YHKIMOHAIBFHO CXOMHYIO POJIb, @ COOTHOILIECHUS
JUTUTENBHOCTH (Da3 B paMKax KaXkIOTo IUKJIA OCTAIOTCS IIPUMEPHO TaKHMH K.
Bor mouemy Ha OCHOBE 3aKOHOMEPHOCTEH, BBISBICHHBIX B XOJ€ arpapHoi
U TIPOMBIIUICHHOW PEBOJIONNI, MOXKHO CHENATh MPEANOI0KEHHS: BO-TIEPBBIX,
0 JUTMTEIBHOCTH CpeHel (MOJIepHU3aOHHOM) (ha3bl KHOEpPHETUUECKOM peBo-
JIFOIIMH; BO-BTOPBIX, O BPEMEHH Hadana M MPUOIM3UTENBHOM MTPOIOIDKUTENBHO-
CTH 3aBepluaroniel (Gasbl ITOH PEBONIOLUH; B-TPETHHX, O TOM, B KAKUX CEKTO-
pax W HampaBlEHHUSX OyIeT MATH HOBBIH TEXHOJOTWYECKUH NPOpHIB. Takum
00pa3zoM, Teopusi IIPOU3BOJICTBEHHBIX PEBOJIIOLHIT TaeT HAM METO/OJIOTHIO ISt
000CHOBaHHMS NIPOTHO3a OYMYIMIMX TEXHOJOTMYECKUX M3MEHEHUH KHOepHeTHde-
CKOM peBooniny. HaroMHKM, 4TO HavyasbHass MHHOBalMOHHAS (a3a KHOepHeTH-
YeCKOW PEBOJIFOINH Yike 3aBepurack (1950-e — mawano 1990-x rr.), a MOxepHU-
3al[MOHHAsi — HAXOJWTCS MPUMEPHO IOCEpPEUHE CBOEro pa3BUTHs (Hadaslach
¢ 1990-x IT. ¥ peAnoIoKuTeNbHO 3aBepmuTcs B KoHre 2020-2030-x rr.). Ilo-
3TOMY YK€ MOXHO CPaBHUTH TO, YTO MPEICKA3bIBAET TEOPUS B OTHOIICHHUH
KaxJ0H (a3l MPOU3BOACTBEHHOH PEBOIIIOINH, C PEATBHOCTHIO, a TAKXKE KaKyIo
POJIb T€ WIIM MHBIE TEXHOJOTHH MOTYT ChI'paTh B 3aBepiiaroniei gaze kubdep-
HETHYECKOH PEBOIIOLUH.

Jnst ayduiero OOBSCHEHWS] TakOH METOJOJOTHH Mbl C(HOPMYITUPOBAIN
B 3TOM naparpade psaj QyHKIHMOHAJIBHBIX U MPOLECCHBIX 3aBUCUMOCTEH MEX-
Iy: a) HadaJdbHOW W 3aBepliaroiedl ¢azaMy MPOU3BOJCTBEHHON PEBOJIIOIUY;
0) HayanbHOM U cpenHel (azamu; B) MEXIy CpeAHeH 1 3aBepiatomeii Gpazamu
MIPOM3BOJICTBEHHBIX peBoJtonuid. Jlanee, 3Has alropuTM TOTO, Kak IPOLECCHI,
NIPOSIBUBIIME ce0sl B HaYaJbHOM (paze NMpOM3BOJICTBEHHOH PEBOJIOLNUH, MOTYT
TpaHCc(HOPMHUPOBATECSA Ha ee CpelHel W 3aBepmaromei (azax, Ha OCHOBE HC-
CJIeZIOBaHUSl HAa4YaJbHOW M HE3aKOHYCHHOW cpenHeil (asbl kuGepHeTHuecKoi
PEBOJIIOLMK MBI J]alIi IPOTHO3BI O €€ Pa3BUTHH B OJIIDKANIINE JIECATHICTHSL.

1.3.1. Oco6eHHOCTU HavanbHOU ¢asbl: 06beanHEeHne B CUCTEMY
HECUCTEeMHbIX TeHAEHLUI U pa3BUTUE HOBbIX

Ha navananHoii ¢ha3e NPOU3BOACTBEHHOI PeBOTIONNH:

1. Ionyuatom cucmemnoe svipasicenue yenvlii psaod meHOeHyutli U UHHOBA-
Yutli, Komopwvle AGIANUCL HECUCTHEMHBIMU NO OMHOUWEHUIO K Npeouiecmayrouje-
My NpuHyuny npouseodcmea. HecucTeMHOCTh 03HAYaeT, YTO MO OTHOIICHUIO
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K MPEeIIIECTBYIOMIEMY MPHUHIUIY HMPOW3BOACTBA 3TH SBICHUS HE WTPaiH pe-
IIAFOIIEH PO U HE BRITEKAIN U3 TIIABHBIX €r0 XapaKTePHCTHK, B TO BPEeMs Kak
B OTHOIIICHNH HOBOTO IPWHIIMIIA IPOU3BOJCTBA POJIH STUX XapaKTEPUCTHK 3Ha-
YUTEJILHO BO3pacTaeT. PaccMOTpUM 3TO Ha MpuMeEpe aBTOMAaTH3alllH, KOTopas
B TOW WJIM MHOW CTENEHU MPOSBISIIACH B MPOMBIIIJIEHHOM MPOU3BOJACTBE 3a-
JIOJITO JIO Havyana kuOepHeTmueckod peBosronuu. OIHA W3 TIABHBIX XapaKTe-
PHUCTHK MPOMBIIIJICHHOTO MPHUHIIMIA MIPOU3BOJCTBA 3aKIIIOYAETCSI B TOM, YTO
MIPOU3BOJICTBO OCYUIECTBIISIETCS MAIIMHAMU, KOTOPBIMU YIIPABISIET YENOBEK,
HCTIONB3YS CBOM OpTaHBl YyBCTB, CHIYy M KBaynmdukanmio. Ho mpu 3Tom 9acts
MPOIIECCOB B paboTe MEXaHW3MOB OCYIICCTBILUIACH MpPaKTHYeCKH Oe3 Hemo-
CPEICTBEHHOTO YJacTHs YeJOBEKa, TO €CTh aBTOMaTHdeckd. OmHAKO aBTOMA-
TH3alUsd TPOIECCOB HE SBILUIACH (PYHAAMEHTAIBHOH, TO €CTh 00s3aTeNbHOM
XapaKTePUCTHKOIN MPOMBIIIICHHOTO MIPUHIUIA TIPOU3BOJICTBA, a OblIa CBOETO
polIla ero MOTONHUTEIBHEIM OoHycoM. B Hauwame XX B. aBTOMaTH3aIus crana
OuYeHb AKTHBHO pa3BUBAThCA (HANpUMeEp, B AJIEKTPOTEXHHUKE IS IIpeloTBpa-
LICHUS aBapui, B IBUTATENIAX — [T yIOOCTBa ympasieHus u T. 1.). Ho u Torna
OHa He MOJIyYWIa PeIIaloNlero 3Ha4eHUs, MOCKOJIbKY eIlle He MCIOIb30Banach
JUTSL aBTOMATH3AIIUN TEXHOJOTUYECKUX MPOLIECCOB B IIEJIOM.

CrnenoBareiabHO, aBTOMATU3aIMI0 B 3TOT MEPHOJ] MOXKHO CUHMTATh THUIIEP-
pa3BUTHEM Takoi (DyHIAMEHTAIBHOW YepThl, Kak MexaHu3anus. [Ipudem maxe
B nepBoi mosioBuHe XX B. aBTOMAaTHU3allMsl HE SIBJSUIACh BeOyLIeH JIMHUEH
MIPOMBINICHHOTO TPHHIINIIA TIPOU3BOACTBA. HampoTws, mumupyromee MecTo
3aHSUIH TPOIIECCHl HOBEHINETO pa3felicHus Tpy/aa, BKIF0Yas MacCOBOE PacIpo-
CTpaHCHHE KOHBEHEpHOTO IPOW3BOJACTBA (KaK MBI TIOMHHM, MOCTOSHHOE
yIayOlieHHe pa3felicHHus TPyAa B OTIMYHAE OT aBTOMAaTH3alud — (hyHIaAMEH-
TaJlbHas WU CKBO3Has XapaKTEPHUCTUKA NPOMBIIIJICHHOTO NpUHIOWIIA IIPOU3BOI-
CTBa, IPKO 0003HAYMUBIIIASCS eille B MaHydakTypax). iHoe 1e10 — pa3BuTHe aB-
TOMAaTH3aI[K BO BTOpPOi nosoBuHe XX B. OHa cTajla BayKHEWIIeH XxapakTepu-
CTHKOW HayYHO-KHOEPHETHYECKOTo NMPHHIUIA MPOU3BOACTBA (HAa €ro Hadajb-
HBIX JTamax), HaXoAs BCE HOBBIE (OPMBI NPUMEHEHHS ¥ BBIPAKEHHUS B
0CBOOOXKIEHUH YEJIOBEUECKUX 3aTpaT MO YNPaBISHHIO MpoieccaMu (0COOEHHO
B UKT).

Urak, uauanvuas ¢haza npou3e00CmMEeHHOU pegomoyuu paszeusdem 00
npeoena HecUucmeMHble dIeMeHmbl NPeoulecmeyouje2o nepuodd. ABToMaTnsa-
Ul B 9TOM IUIAHE MPOJOJDKaja MEXaHHU3ALHUI0, XAMHUS UCKYCCTBCHHBIX MaTe-
pHUAJOB — OPTaHUYECKYIO XUMUIO, 3eJIeHasi PEBOIIOLUS B CEIBCKOM XO3SIHCTBE —
pa3BuTHE arpoHOMUH. Pa3BuTHE pagyio- U TEICBU3MOHHOW TEXHUKU OBLIO MPO-
JOJDKCHHEM TPEHAa HOBBIX CTIOCO0O0B Iepenadn WHpopMaiuu, 0003HaAYHBIIIE-
rocsi paHee. Takas MPEEeMCTBEHHOCTh MOXET CKpPBIBAaTh TITyOMHY Iepexona oT
onHOM 3m0xu K apyroi. Hemapom B 1950-1970-¢ rr. Hay4HO-TEXHUYECKOE pas-
BHUTHE CUUTAIN NMPOJODKEHHEM HHIYCTPHAIBHON PEBONIONNH, B JIYUIIEM CIIY-
Yyae ee Ha3bIBAIM HOBOW WHAYCTPHUAIHHOU PEBOIONMEH (HAyIHO-TEXHUIECKOH
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peBomrorueii). OQHAKO STOMY CBEPXPa3BUTHIO OBUIH MPHUCYIIN KaueCTBEHHBIC
0COOCHHOCTH, 0 KOTOPBIX OYIeT CKa3aHO B IMyHKTE 2.

2. Dmu Ovigwue Hecucmemuvlie XapaKmepucmuKku émecme co 6HO8b NO-
ABUBLUUMUCS] MENEPb CEOOSMCS 8 eOUHVIO CUCIEMY HOB8020 NPUHYUNA NPOU3-
600cmea. ABTOMATH3aIlMs, CO3JaHUC HCKYCCTBCHHBIX MATEPHAJIOB XHUMHYEC-
CKO#l MPOMBIIIUICHHOCTHIO, MOIIHEHIIICe pA3BUTHE HEKOMIIBIOTEPHOM 3JICKTPO-
HUKHU
U CPEJICTB CBS3H, MOSABJICHUC YIOOHBIX U pa3HOOOpA3HEHINTUX ABUTATENICH, Mac-
COBBII TIEpeX0/ Ha HOBHIM BHJ PHEPTUH M TOIUINBA, IPOPHIB B CEIECKINH U 3a-
IIATe PACTCHHH, OCBOOOXKICHHE MHJUTHOHOB pPaO0OTHHKOB, paHEe 3aHATHIX
B CEJIBCKOM XO3SHCTBE W MPOMBIIIICHHOCTH, W MEPEX0]] NX B CEKTOP YCIYT B
COBOKYITHOCTH C pPSOM HOBBIX HANpaBICHWH B TEXHHWKE, WHPOPMATHUKE H
HayKe, — BCE 3TO CO3JAI0 NPUHIMITHAIFHO HOBYIO CHUTYAaIlI0 B IKOHOMHKE.
Jto
1 OBUTO CBHICTEIBCTBOM Havaja HOBOW MPOM3BOJCTBEHHOW — KHOEpHETHYeC-
CKOM — PEBOJIIOLIMH.

3. Baoicnbim MmOMeHmoM, OarowuM MOWHEUWUL CUHeP2eMUYecKull 3g-
hexm, evicmynaem makdice 6peMeHHds. NIOMHOCMb (KIACMEPHOCTb) Podcoe-
HUS U pa3eumusl yeno2o psoa HanpasieHut, 8 Oonbuleli Ul MeHbulel cmenenu
SAGNAIOWUXC XAPAKMEPHLIMU UMEHHO O]l HOB020 NPUHYUNA NPOU3EOOCEA.
B 1950-1960-x rr. TAKHMHU OBUTH aTOMHAs YHEPreTHKA, KOCMUYECKUE HCCIE0-
BaHUS U OCBOCHHE KOCMHUYECKUX JacCTOT UL CBS3H M APYTHX IeJel, OCBOCHHE
MOPCKHUX TJIyOWH W, KOHEYHO, HH(POPMAITHOHHO-KOMITBIOTEPHBIC, MHOKUTEIb-
HBIC, JIa3ePHBIC TEXHOJOTHH, a TAKXKE W JAPYTHe HANpaBiICHUS (B YaCTHOCTH,
B TCHETHKE, MEIUIIUHE U OMOTEXHOJIOTHSX).

4. Oonarxo cyobba >mux UHHOBAYUOHHBIX HANPAGIEHUL MOdICEM OblMb Pa3-
JIUYHOU: 9acTh U3 HHUX JlaJiee — BO BTOPOH MOJIOBMHE HAYaJbHOU (Da3bl U B CpEIHEH
¢aze — nosryqaeT ocodoe 1Mo MacimrabaM ¥ BaXHOCTH pa3BUTHE, a YaCTh Pa3BH-
BaeTCs He cToyib OypHO. HekoTophie u BOBCe OKa3biBarOTCs (10 KpaitHel mepe,
Ha BpEMs) TYIMUKOBBIMH. Tak, Ha CETOMHSNIHUN IE€Hb aTOMHAs JHEPreTHKA
CTOJIKHYJIaCh C CHJIBHBIMH OTPAHUYCHUSIMH H3-32 JKOJIOTHYECKHX IMPOOIIeM,
HAJICXK/IbI Ha OBJIAJICHUE TEPMOSICPHON SHEPTUCH HE ONPaBIAIKCh, @ OCBOCHUE
MOPCKOTO JHa (32 UCKIIFOYCHHEM MOPCKOTO IIeNb(a) MOKa OCTaeTCs K30TH-
koi. 3aro pazsurue UKT crano Beayei TuHUEH.

5. Cmena nudupyroweeo cekmopa 60 6pemsi NPOU3BOOCMEEHHOU PeGOJIIO-
yuu. Benymiee 3HaYeHHE CHeNU()UICCKUX XapaKTEPUCTUK U CEKTOPOB HOBOTO
MIPHUHIUIIA TIPOU3BOJICTBA HATIISAHO MPOSBISLCTCS ONMKE K KOHIY HaYalbHOTO
JTana MPOU3BOJCTBCHHOW PEBOJIOIMH WIH B cpenHel ee dasze (kak W Ciaydu-
nmochk ¢ UKT). OTuM cexropaM HEOOXOIUMO BpeMsi, 4TOOBI 0OpeCTH 3penocTh
A CHUCTEMHOCTh. Takum 00pa3om, 6 meueHue nepevix 08yxX (a3 npouszeoo-
CMBEHHOU PesontoYuUY uoem NOCMOSHHAA CMeHd 8e0yWux ompaciell U ceKmo-
Po8 u nossnexue Hogvix cekmopog. OnHa U3 OTpaciell HOBOTO MPUHIINIA TPO-
M3BOJICTBA HAa KAKOE-TO JIOCTATOYHO JJIMTEIbHOE BpeMs (KOHEI HaualbHOH (a-
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3B
U cpensss (pasza) HauMHAET Kak OBl MMOABIITh BCe Apyrue. JTa 001acTh CTaHO-
BUTCS CBOETO POAA CHMBOJIOM IPOU3BOACTBCHHON PEBOIIOLHUH, €€ IBIDKYIIEH
cunoil. Ho 6 oanvHeliwem ee ponb KAk JOKOMOMUBA 00AHCHA CHU3UmMbCA. Taxk,
LIepCTsHAsT MPOMBIIUICHHOCTh (Ba)XKHEHIas Ha paHHeH (aze MPOMBIIUICHHON
PEBOJIIOINHM) OKa3ajach BTOPOCTEIICHHOW Ha ee 3aBepluarolleil ¢ase, Korna ee
CMEHWJIa XJIOMYaToOyMasKHasi MPOMBIIUIEHHOCTh. OTCI0Aa BBIBOJ, YTO Beay-
IIMM HanpaBjeHUeM 3aBepliaronield ¢aspl KubepHeTH4ecKon peBoronuu Oy-
nyT He UKT. OHE MOTYT COBEpIINTH HOBBIH PHIBOK, MOTYYUB UMIYJIHC OT HO-
BBIX IPOPBIBHBIX TEXHOJIOTHH, HO 3TO CIYYHTCS CYIIECTBEHHO ITO3KE Hadaia
3aBepIaroeil (a3l 3TOH PEBOIOLHH.

Hanpumep, MOXHO IPEIIONOKUTE, YTO PaHbBIIC WIH ITO3KE, HO HEM30eXK-
HO TIPOM3OUIYT OYECHb CEPbE3HBbIC M3MEHEHUs B TpaHC(HOPMAIMH CaAMOTO TIPO-
mecca MPOrpaMMHpOBaHUS. B HacTosSmMii MOMEHT OH OYCHb TPYHOEMKHI
u MeeHHBIH. CKopee BCEro, pa3BUTHE IMOIIET B HAIpaBICHUH YIPOILICHUS
1 poOOTH3AIMK YacTH PabOTHI MO HANHMCAHHWIO U OCOOCHHO BHEAPEHHIO MpO-
rpaMM, CIIOBOM, B 3aMEHE Tpyda IpOrpaMMHCTa B OCHOBHOM MAaIlIMHHBIM
U pa3BUTUM HAINpaBJCHUs «caM ceOe MmporpaMMucT». TyT MOXHO HCIIOJIB30-
BaTh CIEYIOUIYI0 aHAJIOTHIO OTHOCHUTEIBHO HCTOPHUHU IIporpecca B MHGpopMa-
nuoHHOU cepe. B 1814 1., To ecTh IpUMEPHO B cepeAMHE 3aBepiuaromeii da-
36l IPOMBIIUIEHHON PEBOIIOINH, TTOsIBUIIACH NieyaTHas MamnHa Opunprxa Ke-
HHUTa, IMOJHOCTHI0 MEXaHMW3UPOBABLIAS BCE OIEpalWH, KOTOPHIE INEUYATHUKH
IpeXJe AeNald BPYYHYIO, YTO IOBBICHIIO NMPOM3BOAMTEILHOCTh TPYAA Cpaszy
B HECKOJIBKO pa3. MIcXons M3 3TOro MMEeT CMBICH NPEIIOJIOKHUTh, YTO TaKoi
MIPOPBIB MOXKET CIY4YHUThCs The-HUOyap B cepeanHe XXI B., XOTs HaBepHSKa
3HAYMTEJIbHBIE NIPOJIBUKEHHS B 3TOM IJIaHe OYAYT U paHbIIe.

6. Vowce na nauanvnou gpase nosensemes npoobpas mex cekmopos, Komo-
pule cmanym gedywumu 8 sasepuiaioweli ee gaze. Ho 6 nauanvnou ¢ase onu
He uepaiom edywell poau (CM. 00 ITOM HIDKE).

1.3.2. Oco6eHHOCTM cpegHel - MoAepPHU3ALMUOHHOW - da3bl:
HaKoOrmnJieHMe MHHOBaLWi M MOUCK MecTa npopbiBa

1. Macwumabnocmos nposagueumuxcss meHoeHyull U 3apoicoeHue HOBLIX.
C omHOI1 CTOPOHBI, Ha ATOH (haze HaXOAAT CBOE pa3BUTHE (HO B Pa3HOH cTere-
HU) MHOTHE TMPOIECChl, 0QOpPMUBIIKECS Ha HAaYaIbHOH (ha3e MPOW3BOJICTBCH-
HoH peBosroruu. C Apyroii CTOPOHBI, IMEHHO HA MOJIEPHU3AIMOHHON (aze Mbl
BHIMM HCTOKH TeX (OopM, KOTOpBIC IMOJy4aT HOBOE BOIUIOIICHHE Ha (hase 3a-
BEpLICHHsI IPOU3BOACTBEHHOW peBoitou. Ciie0BaTeNIbHO, BAYKHO Pa3JeiIUTh
TEHJICHLIUH, KOTOPBIC YK€ OOHAPY>KMJIM CBOIO 3pENIOCTh, U TEHJCHIUH, KOTO-
pBIC JIHIIB 3apOXKMAIOTCS, MOHITh, KAKHE W3 HUX OYIYyT HapacTarh, a KaKHe
OKaXXYTCS BTOPOCTEIIEHHBIMHU, CTAOUITU3UPYIOTCS WITH [I03KE MOWAYT HA yObLIb.

2. Pazeumue uodem ewupv. Ilompebnocmv 6 21yOOKUX COYUATLHO-
NOAUMUYECKUX u3MeHeHusx. B TepBoil MOJIOBUHE MOJIEPHHU3ALUOHHON (a3bl
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0COOEHHO 3aMETHO PACHIMPEHHE HOBBIX TEXHOJOTHHA. Bo BTOpo#l — mBIKEHHE
BIINPb, CTAIKHYBIINCH C OIPEIEIICHHBIM HACBIIIEHHEM, HECKOIBKO 3aMEIIsICT-
csl, 9TO YCHJIMBACT aKTHBU3ALMIO B MHHOBaIMsAX. Bece BMecTe co3maer omryre-
HHUE KaHyHa 4ero-To BaxHoro. OHaKo pelaroIuii KOMIOHEHT Ul BOZHUKHO-
BEHUS HOBOM CHCTEMBI ITOKa OTCYTCTBYeET. [IprueM 3Ta aKyHa MOXKET ompejie-
JIATbCSL OTCYTCTBUEM HE TOJBKO TEXHHYECKOTO (TEXHOJOIMUYECKOI0) peIIeHUs,
HO U OOINECTBEHHBIX YCJIIOBHH it ero BHenpeHus. OnHa U3 BaKHEHIIUX Xa-
PaKTEpPUCTHK MOJICPHU3ALMOHHON (ha3bl 3aKIIIOYACTCS B TOM, YTO 8 JMMOM He-
PUOO 00NICHBL NPOUSOUMU 27IYOOKUE NEPeMeHbL 8 COYUANLHBIX U NOAUTNULECKUX
omnowenusax. Ecim cMOTpeTh Ha MEpHOJ HPOMBIIIICHHON PEBOMIOIHH, TO
XVII-XVIII BB. — BpeMs COIHMANBHBIX peBONMOUWN B AHrmmu, ['ommanmum,
CILIA, ®pannuy, KOTOpble WU3MEHMIM MHUpP, a TaKXe 3TO BpeMs H3MEHEHH
B MHpPOBO# monutuke — TpuanatuneTsst BoiiHa (1618—1648) u Bectdanpekmii
MHp, TOCJEIOBABIINHA 32 HEH, HAIONr0 3aJIOKHIM OCHOBBI MEXKIYHAPOIHBIX
oTHOIIeHNH. ['Mobanu3anus 1 nepuoJi, KOTOPbI Mbl Ha3BaJIM AIIOXOH HOBBIX
xoanuiuit (I'puauH 2009), Takke TOJKHBI CYIIECTBEHHO H3MEHUTh MUP U YKe
3HAYUTEIHHO MEHSIOT €ro.

3. Hoes pewaiowezo komnonenma (kmouegoeo apomopgosa). Ha monep-
HHU3AaLMOHHOH (ha3e NMPOUCXOIMT HAKOIUICHHE BO3MOXKHOCTEH M yCOBEPIICH-
CTBOBaHMH, KOTOpBIE CHIIPAIOT CBOIO POJIb B TOM, 4TOOBI 3aBepiuaromias (aza
PEBOIIOIMHK CTaja BO3MOXHOW. K MOMEHTy ee Hayajla JOJDKHBI C(HOPMHUPO-
BaThCsl MOYTH BCE KOMITOHEHTHI. HO TOJIBKO C TOSIBIICHHEM pEIIaromiero KOM-
TIOHEHTa WHHOBAllMM HAYHYT CKJIA/BIBaThCs B HOBYIO cucTeMy. IIpu aTom me-
pecTpoiika nepapxuu B paMKax Bceil IPOM3BOJCTBEHHOW cucTeMbl (0OmacTen
JeATeNIbHOCTH, OTpaciel MPOM3BOACTBA M MHHOBAIMH 110 MX Ba)XHOCTH) OyneT
O0YEHb CYIIECTBEHHOM.

4. Pewarowas unnogayus noagumcs 6 Hogou obaacmu. BeIBO, KOTOPHI
MOJKHO CZEJIaTh U3 UCCIIETOBAaHUS MIPOM3BOICTBEHHBIX PEBOJIIOIHIL: pelaromnias
WHHOBAIMS TOSBUTCA B HE CaMOH TJIABHON OTPaciIM SKOHOMHKH (KaKOBBIMHU
M3HAYaJbHO OBUIM MPPUTALMOHHOE 3eMJIE/ICTNE B YHCIIEe PA3HBIX BHUIOB 3eMJie-
Jenusi, XJI0m4aTo0yMa)kHasi OTPacib B YHCIE APYTHX OTpaciieil MpOMBIIIICH-
HOCTH). Maiio Toro, B 3TOH OTpacin JOJDKHBI CIIOKUTHCSI 0COOBIE yCIIOBHS, KO-
TOpBIE 00sI3aTENILHO BKJIIOYAIOT B cE0sl BBICOKYIO KOMMEPUECKYIO HPHOBIIb-
HOCTb U TIPUBJIEKATEIBHOCTh, YCTOMUMBBIA Ha ATUTENbHOE BpeMs crpoc. Tem
HE MEHEeE MOSBICHUE peIllalollell MHHOBAllMM MOXET Ha KaKoe-TO BpeMs
OCTaThCs HEJJOOLIEHEHHBIM.

Pemaromas mHHOBaIWs 71 Hadana 3aBepriaromieid ¢assl kuOepHeTHde-
CKOH PEBOJIIOIMN MOXET POAUTHCS B Pa3HBIX O0OJIACTAX MEOWLUHBEI MK OMO-
TEXHOJIOTHH, MOXKET MMETh MECTO LETOYKa MHHOBAIMH, KOTOPBIC NEPEBEIYT
pacTylee KOIM4IeCcTBO MHHOBAIMI B KAaUECTBEHHO HOBYIO cucTeMy. He nckiro-
YEHO, B YACTHOCTH, YTO TaKOH MPOPBIB OyAET CBA3aH C OOHAPYKEHUEM YCIIEII-
HBIX TEXHOJIOTHH OOpHOBI C PaKoM, IMOCKOJIbKY 3Ta 00JIe3Hb CYIIECTBEHHO OT-
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JMYaeTCst OT OOJIBIIMHCTBA IPYTUX M TPeOyeT pelIeHHus Ha YPOBHE ICHETHKH,
a TaroKe MCIOIb30BAHNUS IPUHIMITHATIBHO HOBBIX TEXHOIOTHH.

1.3.3. OcobeHHOCTU 3aBepliaroLen ¢asbl

1. Oxonuamenvno nposgnalomcs 2nagnvle Xapaxmepucmuku npou3eoo-
cmeenHoll pegonoyuu. Bce OCHOBHBIE YepTHI 3aBEPIIAIONICH (a3l PEBOIIOIIH
MOTyT OBITH OOHAPY’KEHBI M Ha HAYANBHOU ee (a3e, HO TOJNBKO PETPOCIICKTHB-
HO, B HeAM((hepeHINPOBaHHOM, YACTUYHOM WIJIM HEpa3BUTOM BHAE. [Ipu 3ToM
CXOJICTBO JOJDKHO NPOSIBUTHCS B MHOM YPOBHE W Macmitabe. DTu 4epTsl Oymy-
IIETro MPOSBIISIIOTCSA U HA cpegHel (ase, B 4eM-To Aaxe Oosiee 3piuM0, TOCKOIb-
Ky Ha cpeqHed (aze XxapaKTepUCTUKH MPUHIMIA [TPOU3BOACTBA MPUOOPETAIOT
OTHOCHUTEJIbHO 3aKOHYEHHBIH, XOTS €Ille U HEpa3BUTHIHI, BUJI.

BbIBO/I NIEPBBIIi: NpoaHAIU3UPO6As HAYATLHYIO U CPeOHIOI0 (asbl, evide-
JUG onpedenenHble ux Yepmol, Onpeoenus OUHAMUKY PA3GUMUS, MOJICHO COeNams
861600 0 6e0VIYUX Yepmax KubepHemuyeckoli pegomoyuy. VIMEHHO Ha OCHOBaHUH
TAaKOI'0 aHajin3da MbI CMOIJIN BBIACIIMTH HanOoJjee Ba)KHBIE XapaKTCPpUCTUKH KH-
OepHETHYECKOH PEBOIOLNH, BKIIIOYAsi SKOHOMHIO PECYPCOB M 3HEPTHH, MUHHA-
TIOpU3aLII0, WHINBUAYAIN3alHUI0, Bce 0oJiee MIMPOKOE HCIOJIB30BAHHE HOBBIX
HEHM3BECTHBIX paHee MaTEepPHaJoOB M Ap. DTH YEPTHI YK€ BIIOJIHE MPOSIBISIOTCS
B Hally 510Xy (CM. B NEPBOH CTaThe pasjiela U HWKE B ITOH CTaThe), HO OHU
CTaHYT a0COJIIOTHO BEAYIIUMH B CIIEAYIOILYIO.

2. Eciu na nauanvnou gpase 6oznukaem MHO20 HANPAGLEHUU, MO CPeOU HUX

0053ameNbHO ecmb makue, Komopvle CMAanHym Ge0yuwuMu Ha 3a6epuiaruyeti
¢asze. Ilpu 3TOM Ha HauanbHOH (pase OHM MOTYT UTpaTh MEHEE BaXKHYIO POJIb.
Taxk, ecnu Ha 3aBepuaromiell Gase MPOMBIIIJICHHOW PEBOJIOIUH TTIaBHOE — 3TO
T€XHHKA, MallluHbI, 3aMC€HA PYYHOr'o Tpyaa MalIMHHBIM, TO Ha HaJaJbHOU ee
(1)8.36 TEXHUKA SABJIACTCA TOJIBKO YaCTbIO HOBOI'O HAIIpaBJICHUS. Texuuueckue
WHHOBALMHY (3aM€Ha PYYHOI'0 TPYAa MEXaHWYECKHM) B Hadasle IPOMBIIIIIEHHOH
PEBOJIIOIMK OBUIM HE CTOJb BAKHBIMH, & TJIABHBIM OBLI MPOIECC, YIiayOsio-
mui paszgeneHue Tpyna. Eciu jke oOpaTHThCS K arpapHOH PEBOJIIOIWH, TO
HallOMHUM, YTO BEIYLIMM HalpaBJIeHHEM NPHUMHTHUBHOTO 3eMJIENIENUs OBbIIO
UCIIONIb30BaHKE TUIOJOPOAHBIX YYacTKOB MyTeM pY4YHOH 0OpaboTKM (Hampu-
Mep,
C MOMOIIBIO 3a0CTPEHHOW mMajiku). [lmomopoane MoYBBl OBUIO €CTECTBEHHBIM
WIN TOCTUTAJIOCh COKUTAaHUEM PACTHTEIBHOCTH. UTO KacaeTCsl MpPHUTallHOHHBIX
TEXHOJIOTHi1, TO B HA4aJIbHOI (ha3ze arpapHON PEBOIIONMH OHH OBUTH JOBOJBHO
c1a00 pacIpoCTpaHEHHl ¥ NPUBA3aHBI K HEKOTOPHIM JIOKAJIFHBIM YCIOBHM. 3a-
TO B 3aBepIuaronierl ee (haze OHU CTAIM BEAYIIUMH U, TI0 CyTH, OCTABAINCH Ta-
KHMH B TEUEHHUE BCETO arpapHO-PEMECICHHOTO MIPUHINIIA TPOU3BOACTBA.

BeiBoa BTOpOIi: cieqoBaTeNbHO, BEAYIIUH CEKTOp 3aBepliaromeii ¢asbl
KHOEPHETHYECKOW PEBOJIIOIMU yxKe C(HOPMHUPOBAIICS M SIBISETCS BIIOJHE 3a-
METHBIM, HO OH B 4YHCJE TeX, KOTOpble MOKAa HE WUIparoT peuarmoueil ponu
B 3koHOMuKe. [To HameMy MHEHHIO, BEIYLIYIO pOJb B pa3BOpadlBaHUU 3aBEp-
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mrarorei (azpl KHOSpHETHIECKOW PEBOIIIOLNH CHITPAI0OT MEAWINHA U OHOTEX-
Hoyorru. OOOCHOBaHHE 3TOMY HIKE.

3. Ilocne nosenenus pewarowjeli UHHOBAYUU UAU UX ZPYNNLL OO0JICHA
HA4ambCs 63AUMHAA UHMESPAYUs UHHOBAYUOHHBIX CEKMopoe. JTOT IPoLece
3aMETHO YCHJIMBAETCs B T€UEHHE 3aBepiiaromiell (asbl Npou3BOJICTBEHHOH pe-
BoytoLMHU. MIHHOBaIMM B3aUMHO MHTETPUPYIOTCS U CO3JAIOT MPUHIMIIHAIBEHO
HOBYIO cucTeMy. Tak cilIydmiioch, CKa)keM, BCKOpE I0ciIe N300peTeHust Mexa-
HUYECKOTO MPSIMILHOTO CTaHKa (KOTOPBII HENPEPHIBHO COBEPILIEHCTBOBAJICS).
Jlo Toro pa3po3HEHHbIC BaXKHBIC HANpPABICHUS (ITApOBBIE MAIIWHBL, MTApOBas
SHEPTHsl, HOBBIC BU/BI MAIINH, IPUHIUIIBI YIPABICHNS Ha KPYITHBIX MPEATIPUS-
THUSIX, CIIOKUBILHUHCS MHCTHTYT M300pETaTENbCTBA M Pa3HbIe TEXHUYECKUE MH-
HOBAIMM) TTO3BOJMIM B TE€UYEHHE IBYX NECATHICTUI CO3AaTh NMPHHIUNNAILHO
HOBBIH 110 BCEM INapaMeTpaM CeKTOp XJomuaroOyMaxkHbIX (abpuk. [lamee 3To
BBI3BAJIO KyMYJISITUBHBIN 3 PEKT ObICTPOTO N300pETEHHUSI HEAOCTAIOIINX HHHO-
BalMii B 00JaCTH pacyechlBaHHs M BBHIPABHMBAHMS XJIOTKA, KpAaIICHHs, HAJO-
JKEHUS PUCYHKA U T. II.

BoIBoa TpeTHii: NpOpHIBEI B MEIULIMHE BBI3OBYT «IOATATMBAHUE)» U CKJIa-
JBIBAaHHE B CHCTEMY CaMBIX Pa3HBIX MHHOBAIUil, YTO B UTOTE CO3AACT BO3MOXK-
HOCTbH JIsl 3aBEPLICHUs] KNOSPHETHYECKOW PEBOITIONUH (BKIIIOYAS TOCTIIKEHUS
UKT, HaHOTEXHOJIOT U1, pPOOOTOTEXHUKH, HOBBIE MaTepUabl U T. I1.).

4. Heobx00umo paszoensimv 061acms npopwiéa U CMbICL HOBOU CUCHIEMbL
npouseoocmea. OONacTb NPOPBIBA TOJBKO OTKPBIBAET MHEPHON TIYyOOKHX
TpaHcopmanuii. A MOTHOCTBIO ITPOU3BOICTBEHHAS PEBOJIONNS 0OpPETET CBOU
JIOTHKY M «CMBICII» TI03)Xe, KOr/a TpaHc(hOpMaIuy JOCTUTHYT BecbMa 3HA4YH-
TEJILHON TIyOHMHBI M pa3maxa. OIHAKO 3TOT «CMBICI» yXX€ MOXKHO ITBITaThCs
yrajath, UCXOJs M3 MPOICCCOB Ha HAaYaJbHOW W cpefHedl (ha3ax MpOU3BO/I-
CTBEHHOM PEBOJIIOLIMH.

BoiBoa 4yerBepThIii: 00IIas waes KHOCPHETHUCCKOW PEBOJIIOIUU MOXKET
OBITH CBSI3aHA C MOCTOSHHOW M BCECTOPOHHEH 3KOHOMHEH SHEPTUH, PECypcoB
1 MaTepualioB, KOTOpasi HA4HET OCYIIECTBIIATHCS Oiaromapst MacCoBOMY pas-
BUTHIO CAaMOYIIPABISEMBIX CHUCTEM MPUHIUIHAIGHO HOBOro ypoBHs. Co6-
CTBEHHO, POCT YPOBHSI )KU3HH HACEJICHUS IIJIAHETHI, YACIEHHOCTh KOTOPOTO OY-
JIET YBEJIMYNBAThLCS, MO KpaliHel mepe, 10 2070-x rr. (1o GONBIIMHCTBY HpO-
THO30B, cM., Hanpumep: Population... 2012), 6e3 npopsiBa B obnactu Takon
SKOHOMHH HE MOXKET COCTOSATHCSL.

1.3.4. OnpepeneHmne 6yayuiero cekropa npopoiBa. louemy
MeauuMHa n 6uorexHonorun?

I/ITaK, OIWH U3 BBIBOAOB TCOPpUHN HpOI/I3BOL[CTBeHHOI71 PCBOJIIOIIUN TAKOB: OJHO

n3 LeJIoTro pdaaa ee HaHpaBJ‘IeHHﬁ, 0603Ha‘{I/IBHII/IXC$I Ha ee HavYaJIbHOH U cpea-

Hel (a3ax, cTaHET MECTOM INpOpbIBa K 3aBepuiatomieil ee ¢ase. [Ipu atom no

Ha4aJia pbIBKa OHH HE UI'PAIOT Benymeﬁ POJIin B SKOHOMUKE. Amnanus peaIbHOTO
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X0/1a TIPOM3BOJCTBEHHBIX PEBONIOLUHA TaKKe IOACKA3BIBACT XapPAKTCPUCTUKU
Oynmy1ero cekropa:

® €ro TOBap JOJDKEH OBITH B YHCIE IPEIMETOB MEPBONH HEOOXOAMMOCTH.
3epHo (B 310Xy arpapHOW PEBOIIIOIMN) U XJIOMYATOOYMaXKHbIE TKaHH (B AIIOXY
MIPOMBIIINIEHHON ) OTBEYAJI 3THM TPEOOBAHMSIM;

e HarpaBJeHHUE Pa3BUTHS CEKTOPA JOJDKHO OTBEYATh BEAYIIUM TEHJICHIIH-
SIM ¥ TIpobiieMam o0uiecTBa (MppUTrallioHHOE 3eMIIEIeTINe CMOTJIO OAEePKaTh
U YCKOPHUTH HAYaBIIHUHICS POCT HACEJICHHS; XJIOMYaTOOyMaXKHasl OTPACIb CyIie-
CTBEHHO OTBeYasa MOTPEOHOCTSIM pacTylueil ypOaHW3aIWU M WCIOIb30BAHUIO
n30BITOYHOI paboydeli CHITBI, BOHHUKIIEH B arpapHOM CEKTOpE);

® CEKTOp MOXET HOBJIUATH HA 3HAYMMOE YHCIO 00IacTel, HHTETPUPOBATH
ux (B 310Xy arpapHOH PEBOJIIOIMN HUPPUTALMOHHBIE COOPYXKEHHS, HAaIpHUMep,
TpeboBamy COBMECTHBIX ACHCTBMII B MacmTabax oOIIeCTBa; B IEPHOJ MpO-
MBIIIJIEHHOTO MIEPEBOPOTa 3TO MPHUBEIO K OBICTPOMY POCTY SKOHOMHKH, TIepe-
CTPO#Ke TPAaHCIIOPTHBIX MYTEH U TOPTOBIIH);

® KOHCEpBATHU3M B 3TOM CEKTOpE CPaBHUTENBHO ciiabbiid. CriaOblii KOHCEP-
BaTH3M TaKKe 03HAYaeT, YTO MPOPHIB MOKET POAUTHCS B OTHOCUTEIIBHO BTOPO-
cTeneHHol (1Mo o0beMy IMPOM3BOJACTBA M WHBECTHLMI) cdepe, kakoil Obuia
XJI0m4aTooymMaXkHast IpoMBbIUIeHHOCTh B AHrimnu X VIII B.;

® CEKTOp NpOpbHIBa JIODKEH OBITH BBHICOKOJOXOJIHBIM M CTaOMIBHBIM IO
crpocy, WHade OH HE NpHBIEYET KPYNMHBIX MHBecTHIMH. Kpome Toro, 3amm-
CTBOBaHHE W3 JIAHHOTO CEKTOpPa HOBBIX TEXHOJIOTHH, BO3HUKIIMX B aBaHTap-
HOM 0OIIecTBe, APYIMMH OOIECTBAaMU HE BCTPETUT CEPHE3HBIX MPETATCTBUI
(IpaBUTEIHCTBEHHBIX 3aIPETOB U T. I.);

® CEKTOp JIOJDKEH MMETh OOJbIHe pe3epBbl B OTHOIIEHWH POCTA CBOCH
MIPOM3BOJIMTEIBHOCTH, ¥ TOTPEOHOCTh B POCTE 3TOW NPOU3BOIAMTEIHLHOCTH
JIOJDKHA JUTUTENILHOE BPEMsI OCTABAThCSI BHICOKOW, YTOOBI CTUMYJIMPOBATH MH-
HOBAI[MOHHYIO ¥ HHBECTHLIMOHHYIO aKTUBHOCTb.

PaccMOTpHM 3TO B OTHOIICHHH KHOEpHETHYECKOW peBotonnu. O4eBUIHO,
YTO CeKTOp OyIylIero IpopbiBa 3aBepluarolieil (a3pl 3TOM PEBOJIOLUHU YKe
JIOJDKEH cyliecTBoBaTh. Ho kKakol M3 CyHIECTBYIOIINX OTBEYAET H3JIOKEHHBIM
XapakTtepucTukam? MBI cuMTaeM, 4TO TakoOH IPOPBIB HE MOXET COCTOSTHCH,
HarpuMep, B HalpaBJICHUH 3€JICHOH (HU3KOYTJIEPOIHON) SHEPreTHKH (HECMOT-
Ps1 Ha TO, YTO CETO/IHS BETPOBAasl SHEPTreTHKA Pa3BUBACTCS BEChbMa HHTCHCUBHO),
TIOCKOJIbKY 3€JIeHasl SJHEpreTHKa HE CMOXKET 3aMEHUTh B MOJIHOM 00beMe Tpa-
JULHOHHYI0, a OyZIeT COCYIIEeCTBOBaTh C HEW, KaK CETOAHS COCYIIECTBYIOT
C YIJIEPOAHOM SHEPreTUKON THApO M aToMHas. PoboToTexHmKa, ecnu OBl yxa-
JIOCh CO3aTh POOOTOB, KOTOPBHIE YMEIOT BBINOJIHATH CaAMbIE Pa3Hble (DYHKIIMU B
cepe yciyr, Morna Obl CTaTh TAKHM IPOPBIBHBIM HalpaBlicHHEM. 11 Hegapom
HMMEHHO B CO3JaHHH POOOTOB BHIEIOCH OyAyIee HAYYHO-TEXHHIECKOTO MpO-
rpecca. PoGOTOTeXHHKA CEroAHs MMEET IIUPOKHUN CHEKTP MPUMEHEHUS H JI0-
CTaToOYHO OBICTPO pas3BuBacTCs (CM., Hanpumep: Makapos, Tomuees 2003;
Ieiitc 2007). U Bce xe HU 1O 00BbEMaM CETONHSIIHUX WHBECTHLHUH, HU MO
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YPOBHIO PEIICHHOCTH CTOAIMIMX Iepel Hel mpobieM (BKIrouas pa3paboTKu
HEHpPOCETeBBIX TEXHOJOTHIT), HU MO0 MHTEPECY K 3TOW OTPACciH IOKa HE BHIHO,
9YTO POOOTOTEXHUKA CTAHET HAIPABICHUEM, TI€ COBEPIINTCS MpOphIB. B Goiee
No3/iHee BpeMsl pOOOTOTEXHHKA, OJHAKO, JOJDKHA IOCTHYb BBIIAIOIINXCS yCIIe-
XOB (1oApoOHee cM. 3aKII0YCHHUE).

Hcxons n3 aHanu3a CeroJHSALIHEI CUTyalliy, MOKHO CZEJaTh BBIBOJ, YTO
TOJIBKO MEJIMIIHA OTBEYaeT BCEM ITUM TpeOoBaHusAM. [loatomy umenno usme-
HeHUsi 8 MeOUyuHe Mo2ym cmams 0OIACMbIO HAYANA NPOPbISA 8 3a6epuialuyeli
¢asze kubepnemuueckoii pegonoyuu. IloguepkHeM, IMEHHO Hadala, MOCKOIBbKY
B JaJbHEHIIIEM 3TOT NMPOPHIB HAYMHACT OXBATHIBAaTh BCE HOBHIC U HOBEIE 00a-
CTH, CO3/IaBasi CHCTEMY HHHOBAIIMOHHOW YKOHOMHKH OYIYIIETO.

PaccmorpuM monmpoOHee, Io4eMy MMEHHO CBS3aHHAS C MEIUIUHOW 00-
JIaCTh CTaHET MPOPHIBHOM.

a) MemunuHa yHUKalbHA B IDIAHE TOTO, YTO OHA TPEeOYeT IMOCTOSIHHOM pa-
6OTI)I B 00JIaCTH HOBLIX BEICOKMX TEXHOJIOTHIA.

6) [IpOTUBHUKOB BHEAPEHUS STUX TEXHOJIOTHHA 3/IECh MEHBIIE, YeEM B JPY-
rux obnacTax (paBHO KaK U MPEISITCTBUH AJIsl 3aMMCTBOBAHHS MHHOBAIHH).

B) KomMepueckue nepcrekTuBbl BHEAPEHUS] HOBBIX TEXHOJIOTHHA OTPOMHBI,
TOCKOJIBKY JIFOAW BCEIrJia TOTOBBI 3a HUX IJIATUTh.

r) B Ommkaiinme necATUineTus He TOJIbKO Tepes pa3BUTBIMU, HO U MEpen
MHOTHMH Pa3BUBAIOIIIMICS CTPAaHAMHU YPE3BBIYAHO OCTPO BCTAHYT MPOOIEMEI
CTapeHUS HACEJICHHS, HEXBAaTKH TPYAOBBIX PECYPCOB H 00CCIICUCHHUS PACTYILETO
CJIOSI TIOXKUITBIX JIFoJiel. VIMEHHO ycnexu B MEIHIIMHE MOTJIM ObI TIOMOYb B 9TOM,
B YAaCTHOCTH TO3BOJUTH PEANHHO YBEIHYHUTH IPOJOIDKHTEIBFHOCTH TPYIOBOH
JKI3HU (KaK M KHM3HU B [IEJIOM) TTOKHIIIBIX JTFOJICH, a TAK)KE aKTHBHEE BKITFOUUTH
B TPYZIOBOIl IOIIECC MHBAIUAOB. Taxum o6pazom, nodxcuivie aoou U UHBATUObI
6 6o3pacmarouyeli cmenenu obecneuusanu vl coe cooepIicaHie camu.

1) B Ommkaiimme necaTUiIeTHsl IpOTHO3UPYETCsl OYpHBIH pOCT MHPOBOTO
CpeTHero Kiacca M POCT YpOBHSA 00pa3oBaHUS, OCOOEHHO 3a CUET Pa3BHBAIO-
umxcst crpad (NIC 2012), a ob6a 3tu dakropa 03HAYAIOT PE3KUIl POCT CIpoca
Ha MEIULIMHCKUE YCIyIU.

€) MeaumyHa BHOJHE MOXET OBITh MHTErpajibHOM 00J1acTBIO, B KOTOPOU
cOHmyTCsl BCe JIMHUU Pa3BUTHA (OMOTEXHOJOTWH, HAHOTEXHOJOTHMH, poOOTO-
TeXHHKa, ucrosb3zoBanne Hopelmux VKT u pazinnunabix npuOOpPOB, KOTHUTHB-
HBI€ TEXHOJIOTHH, UCIIOJIb30BaHNE HOBBIX MATEpHAJIOB | T. 1. U T. I1.). Hrxke Mbl
JIOTIOJIHUTEJIEHO BEPHEMCS K BOIPOCYy O ToM, nouemy B 2030-e rr. MoryT cio-
KHUThCS YHHKaJbHBIE BO3MOXHOCTH IUISl NPOPBIBA B OOJACTH MEIUIIMHCKHX
TexHoJorui. T1oCKOIbKY OMOTEXHOJOTHHM TECHO CBS3aHBI C MEIUITMHOW (de-
pe3 (apMaKoJOTHIO, TEHHYI0O WH)XEHEPHIO, CO3JaHHe HOBBIX HMIUIAHTAHTOB
U T. [I.), TO BIOJHE BEPOSITHO, YTO MPOPHIB B MEAUIIMHE OYyAET BO MHOTOM OC-
HOBAH Ha JOCTIDKEHISIX IMEHHO B OMOTEXHOIOTHSX.

JanbHeldmuii miaH u3JjioxkeHus. B 3aBepmaromnieit ¢ase kubepHEeTHUE-
CKOIl PEBONIONMH W B 3pEible 3Talbl HAYYHO-KHOSPHETHUECKOTO MPHHITHIIA
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MIPOU3BOJICTBA OyAyT TpaHC(OPMHUPOBAHBI OUYEHh MHOTHE OONACTH IPOHU3BO-
cTBa M ku3HU. HOo B HacTOsAIIEH cTaThe MBI PACCMOTPHM MOAPOOHO TOIBKO TPH
OCHOBHBIX HaNpaBlCHUS KHOEPHETHYECKON pPEBOTIOLMH: MEAWINHY, OHOTEX-
HOJIOTHIO M HaHOTEXHOJIOTHIO, KOTOpBIE, KaK yXe ObLIO CKa3aHO, MOTYT ChIT-
paTth BaXHYIO pOJIb B IIPOLIECCEe pa3BOpayrBaHus 3aBepluatorieil gpasbl 31oit pe-
BOJIIOIIMY (0COOEHHO 3TO KacaeTcs NEePBHIX JIBYX HAIPaBICHHUH).

BHOBB oOpariaeM BHHUMaHHE, YTO MEIUIMHA 1 OMOTEXHOJIOTUH HE WAl
pemaronield poiy B Ha4YaJbHOHW (pase KMOEpHETHUECKOH PEBOJIOINH, a HaHO-
TEXHOJIOTHHM KaK OTpaciib MOSIBUJINCH Y)K€ Ha cpenHed (ase, 0JHAKO Temepb
OHH BBIJIBUTAIOTCS HA BEAYIIHE MO3UIMK. TeM He MEHee MBI ITocTapaeMcs o-
KazaTh TUHAMHKY UX Pa3BUTHS B TCUCHHE BCEH KNOSPHETHIECKONW PEBOJIOIIHH.
CrpykTypa Hameil craTby OyIeT OTpakaTh BaKHOCTh TEX HAlpaBICHUI, KOTO-
pBI€ CTAaHYT pEIIAOUINMHU B Tpsimymed (ase KHOSpHETHYECKOH DPEBOJIOLUH.
W3znoxxenne HavyHEeTCS ¢ MEIUIMHBI (IIPUYEM 1Mo 00beMy 3TOT pasmen Oyzmer
OoJIbIlle OCTANBHBIX), Jalleeé Mbl CKOXKEM O OMOTEXHOJOTHAX U HAKOHEL — O
HaHOTCXHOJIOTHUAX.

B nenoM MbI OyzeM 10 BO3MOXKHOCTH MPUAEPKHUBATHCS CIEAYIOIIETO Iia-
Ha: MCTOPUS Pa3BUTHUS OTPACIH W NEPHOIU3ALNS €€ OCHOBHBIX ATAIOB; COMO-
CTaBJICHUE TOW MEPHOAN3AIMU U OOIIEH CXeMBbI Pa3BUTHUS KUOEPHETHUECKON
PEBOJIIOIMY; OCHOBHBIE JIOCTIDKEHHUSI OTPACIIM Ha HA4YalIbHOM U cpejHel ¢a3ax
KNOEpPHETHYECKOH PEBOJIIOINHY; KaKHe XapaKTEPUCTHKN KHOEpPHETHYECKOH pe-
BOJIIOIIMU ¥ KaKMM 00pa3oM ITPOSIBISIFOTCS Ha pasHbIX (a3ax pa3BUTHS HANPaB-
JICHUs]; POTHO3Bl OTHOCHUTEIBHO €€ Pa3BUTHS M POJM B 3aBepuiaroiieii ¢asze
PEBOJIIOIMM W 3pEJbIX JTarax HaydHO-KHOEPHETHYECKOTO MPUHIMUIA MPOH3-
BOJICTBA; B3aMMOCBSI3M OTPAciH C IPYrMMH HanpaBieHHUAMH. [I0CKONBKY Kax-
Jlasi OTpaciib MOMHUMO OOIIei JIOTMKH KHOEPHETHYECKOW DPEBOJIOLUH HUMEEeT
U ONpeNeNIeHHYI0 COOCTBEHHYIO JIOTHKY, HEBO3MOXKHO OKHJIATh MOJHOTO COB-
MaIeHUS IepUOIU3aMi KMOSPHETUYECKON PEBOMIONNN U KaXI0H U3 oTpacien
(Tem Gomee uTO MOOAs MEPUOINU3AINS BCETAA YCIOBHA).

Pasgen 2. MEQULUIMHA B KWBEPHETUYECKOM
PEBOJ1IOLMN

2.1. Actopusna paseutusa B XIX-XX BB.

MenuiyHa — ofHa U3 JPEBHEUINX OTpaciel uenoBedeckou aesrenbHocTu. [Ipu
9TOM C IPEBHOCTH MEHMIMHCKHE YCITyTH OBUTH OJTHOM U3 ()OPM IDIATHBIX YCITYT.
Tonpko B XIX B. MeauIMHa, KaK U HayKd O YEJIOBEYECKOM OpraHu3Me,
CTAHOBHTCS CJIOKWBILCHUCS AUCIUIUIMHONW (10 3TOTO OHA HOCHJIA OIHCATENb-
HBIA XapakTep). AHATOMUS TAKKE JOCTHUINIA 3HAYMTEIBHBIX yCIeXxoB. M3yuaeT-
cs HepBHas cucrema, QyHkimm Mo3ra. dapmakosorus coOpaiga HACTOIBKO
OOWITBHBIM MaTepuai, 9To 000coOuIach B OTIAENbHYIO HayKy. [laTtomorus oT-
KpbIBaeT MHOTHE MEXaHU3MBI 3a00JIeBaHNH, OOHAPYKUBACTCSI HETATUBHOE BJIH-
STHH€ MUKPOOpPTaHu3MOoB. [IpakTHdeckass MEIUIIMHA OCBOMJIA MHOXECTBO TMPH-
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€MOB, TO3BOJIAIOIINX TOYHO PACIO3HABATh OOJIE3HM, a TAKXKE BBIpaboTana cro-
cOOBI JICYCHUS] MHOTHX OCTPBIX M XPOHHYECKHX paccTpoiictB. B xumpyprum
MIPOM30IIEN TIEPEBOPOT, Omarogapsi KOTOpPOMY JI€YEHHE CTalO HIATH BEcbMa
YCIIEIITHO, 2 MHOTHE OIEpaluy, KOTOPBIE NMpEeXJe NaBajk HeOJIaronpHUsTHbIC
pe3yNbTaThl, TeNeph CTaIn HaMHOTo Oe3omnacHee. Henb3st He OTMETUTH HUCTIONB-
30BaHME HApKO3a, YTO MO3BOJMJIO 3HAYHUTEIHHO OOJErYWTh CTpamaHus 00Jb-
HBIX ¥ PacIIUPUTh BO3MOXKHOCTU XUPYProB. OrpOMHBIX yCIIEXOB AOCTUIIIU Me-
JMKH B 00JIaCTH POJJOBCIIOMOXKEHHMS U aKylepcTBa. Pa3BuBaercs ruruena, Ona-
rojaps € B NMepeqoBBIX UBUIM30BAaHHBIX IOCYIAapCTBaX MCUE3IIH MHOTHE 3a-
pa3Hble O0JIE3HN HIIH UX YUCIIO 3HAYUTEIIFHO COKPATHUIIOCh.

C pas3BUTHEM HAayKH M IPOMBIIIIEHHOCTH, OBICTPEIM POCTOM T'OPOJIOB, H3-
MCHEHHEM IIOJIUTHKU TOCYJapcTBa B OOJACTH 3J0POBbSI HACEICHHUS MEIUINHA
CTaHOBUTCS Ba)KHEHIIEH 9aCThIO CONMAIBHON KHU3HU M CYIIECTBEHHON MO 00B-
€MaM 4acThio c(hephl yCIIyT.

B nocnemgnuit neprox NpOMBIIUIEHHOTO NMPHUHIIUIIA TIPOU3BOJICTBA B MEIH-
IIMHE TPOW3OLLIN OYCHb KPYNHBIE M3MCHEHHS, B TOM YHCIIe Onaromaps Tomy,
YTO TOCYJAapCTBa CTaJM BBIACIATh Ha Hee KpyMHbIe cpeincTBa. Kpome Ttoro,
MEIMIMHA Bcerja Obula OueHb YyTKa K pa3IM4YHBIM HMHHOBalMAM. Tak, yxe
B 1896 1., TO ecTh Uepe3 roj Mociae OTKPHITHS, PEHTTCHOBCKHE JIYYH CTallk HC-
M0JIb30BaTh JIJISl AMATHOCTUKH TepenioMoB. OOl pOCT ypOBHS KHU3HU U 00-
pa30oBaHUS TaKXKe CIIOCOOCTBOBAJI PA3BUTHIO MEIUIIMHCKON OTpaciu U BHEIpe-
HUIO B HEe HOBEHWIIMX HAy4YHBIX M TEXHHUYECKHX JOCTIDKCHHWH (HampuMep,
PEHTIeHa, JICKTPUUECKUX MEXaHHU3MOB, XUMUYECKUX CPEACTB U T. I.). B pe-
3ynbraTe B XX B. MEJUIIMHA NpeTepliea 3HauuTeNIbHbIe H3MeHeHus. C KoHIa
XIX B. Bce akTUBHEE POUCXOIMI TIEPEXO/L OT N3TOTOBIICHUS JIEKAPCTB B arre-
KaxX K MPOMBIIIIEHHOMY MX BBITycKy. OHUM M3 IEPBBIX Hadall MPOU3BOANTH
acupHH, Korja B 1874 r. yaanock MOJy4IHTh CaTULIMIOBYIO KUCIOTY U3 (heHo-
na. B manpHe#mem 65110 pa3paboTaHO 3aKOHOAATENECTBO, PETYIUPYIONIee Te-
CTHPOBaHHUE JIEKAPCTB, U CIOXKHJIICS MPOLIECC NX 0JJOOPEHUS ClieNnalIbHBIMU Op-
raHaM¥, pa3JelIeHbl PELEeNTypPHbIEC U Oe3pelenTypHbIC JeKapCcTBa.

B nentpe BHHUMaHHS MEIWKOB OKAa3aJUCh Y€ HE CTOJBKO MAacCOBBIC WH-
(eKMoHHBIE 3a00JIeBaHMs, KOTOPbIE YAAJIOCh MOOEANTH METOIOM BaKI[MHAILINH,
CKOJIBKO MacCCOBBIE XPOHHUYECKHE U JIeTeHepaTHBHBIE 3a00JIEBaHNS, a TAKKe WH-
(exmu B pe3ynpTaTe paHeHMH, MPOCTYAsl U T. 1. BriepBrle ymanochk J0OHUThCA
nporpecca B o0yiacTH nepenuBaHusi KpoBu. Baxnolt Bexoit B 1930-e . cTano
CO3JIaHME TIEPBBIX aHTUMHUKPOOHBIX IpenapaTroB — Cyib(aHmIaMua0B (CTpen-
TOIW, CYyTb(PHUINH U Jp.), KOTOPHIE MPOU3BEIH IEPEBOPOT B JICICHNUH 3a00ie-
BaHUI{, BEI3BAaHHBIX MUKPOOPTaHU3MaMHU.

Boubinoe 3nayenue npruoOpeny Hay4dHbIe UCCIIEA0BaHUS B 00macTi (QyHK-
LUOHUPOBAHMS OpPraHW3Ma M MEXaHM3MOB 3abosieBaHuil. CTany MOSBISTHCS
Hay4HbIC MEIULIWHCKHE WHCTUTYTBHI, OPraHU3YIOTCS MAacCIUTaOHbIE IMPOEKTHI,
TIOJ] ATUJION KOTOPHIX 0OBEAMHSIETCS MHOXKECTBO CIIELHAIUCTOB, B OTIMYHE OT
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NPEABIAYIINX BEKOB, KOTJa MEIULMHCKUMHU HCCIENOBAaHUSAMHU 3aHUMAJIUCh
B OCHOBHOM Bpayu-OJUHOYKU. VI3MEHUINCH TaKXe IpOrpaMMbl MEAULIUHCKOTO
00pa30BaHus: BBEICHO U3yUCHHE XUMUH, (PU3UKH, JIICKTPOHUKH, sICpHOU (u-
3UKU U TeHeTukd. g XX B. XapakTEepHO MHTEHCHBHOE PA3BUTHE CHCTEMBI
3[IPaBOOXPAaHEHMUS, IPOM3BOICTBCHHOW MEIHIMHEI, a TaK)Ke BPadeOHBIX acco-
HHAalMi ¥ MEIULIMHCKUX CTPaxoBbIX KoMnaHui. B nenom B XX B. MeaunuHa
HadrHAeT 00peTaTh MacCOBOCTE M OOIIYIO IOCTYIHOCTBE. BBICTPO pacTeT 9ucio
Bpaueil, mocemeHne KOTOPBIX CTAHOBUTCS OOBIICHHBIM JEIIOM.

Bosnbiolt ToM4oK pa3zBUTHIO MEIULMHCKON HAYKU M MPAKTUYECKONH MEIU-
[UHE AT MUPOBBIC BOWHBI, BO BPEMsI KOTOPBIX MPABUTEIHCTBO MOOMIH30BAJI0
Ha MEAMLMHCKHE LEIN OIPOMHBIE CPECTBA.

B nenom B nocnennue necsarmierus XIX — nepeoit nonosuHe XX B. pasz-
BUTHE MCIMIIMHBI IIIJIO MO MYTH 00ECICUCHUs SMUAESMHUOIOrHYeCKoi Oe3omac-
HOCTH W YCTpaHEHHs HamOoJiee MAacCOBBIX NPHYUH CMEPTHOCTH (CBS3aHHOM
¢ 3apaxkeHreM, O0JIe3HsIMU, TIepeIaBaeMbIMU ITyTeM KOHTAKTa, JETCKOU U KEH-
CKOI CMEpTHOCTHIO, MOTEpe KpoBU U T. I.). PemuB B 1enom 3ty npobie-
MBI, MEIUIIITHA CMOTJIAa BKIIFOUHUTHCS B KHOCPHETUYECKYIO PEBOIOIUIO yKE
Ha OCHOBE HOBBIX 3aJad: OOpPBOBI C OONE3HAMH CTapOCTH M LUBHIN3AINH,
peadbunnuTanuy ¥ MOBBIIICHHUS] KA4eCTBa )KU3HH; PA3BUTHS CIEIUATIbHOU Me-
JHAIIAHBI.

2.2. MegMuMHa Ha HaYaNbHO U cpeaHen ¢dasax
KnbepHeTUUyeckKkoi peBonrounmn

2.2.1. MegMumHa Ha HavanbHoOM hase knbepHeTUUECKOMn
pesonwouum (1950-1990-e rr.).

PajukasnpHbIi MOBEM MEIUIMHBI KaK Bce 0oJiee BaXKHOW U OBICTPO pacTyien

chepsl yCayr MPOUCXOAWT B HAYAIBLHOH (hase KHOSPHETHUECKON PEBOJIFOIIMH.

Tpu smom pocm meduyunckux yciye uien 8 obwem npoyecce ObiCmpo2o pocma

cepul yenye. Hanomnum, umo cekmop ycaye no obvemy exnaoa ¢ BBII sensem-

€51 BEOVIYUM 8 IKOHOMUKE PAZGUMBIX CIPAH’.

B teuenwe HavyanbHOUW (a3er kubOepHeTHdyeckoil pesomonuu (1950—
1990-e rT.) 3apOXKIAIOTCS HOBBIC HAINPABICHHUS MEIWIWHBI WIA JOCTHTAIOT
OTIPEJICTICHHOTO YPOBHSI 3PEJIOCTH T€, YTO 3apOUINCh paHee, HalpuMep dJIeK-
Tpo3HIEehanorpadus, dIEKTPOCYIOPOKHAS TEpanus, TPAHCILIAHTOJIOTHS, aK-
TUBHOE HCIOJIb30BAHUC AJICKTPOHUKH, JIa3¢POB M HOBBIX METOJOB JTHATHOCTHUKHU
(Y31

® Briephie 5TOT (haKT ceian LEHTpalbHBIM B CBoeH Teopuu JI. Bein, KOTOpbIil OTMETHII, 4TO
B CLIA B 1950-1970-¢ rr. mpou3oluen Mepexox OT IPEUMYIIECTBEHHOIO BBITYyCKa TOBApOB
K IpenMyLiecTBeHHOMY okasanuto yciyr (Bell 1973; Bemn 1999; Hartwell 1976). Jlanee u3 cex-
TOpa YCIYT CTaJ BBLAENIATHCS OBICTPO PACTYIIUI CEKTOP CIOXKHBIX U KBATH(HIIMPOBAHHBIX YCIYT
(cm. monpobHee: 'punnn 2012), BaXHYI0 4aCTh KOTOPBIX COCTABIISIOT MEAULIMHCKHUE.
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1 7Ap.). 3HAYUTENBHBIX PE3yIbTaTOB YAAJIOCh AOCTHYh B OOJACTH CHIDKCHHUS
JIETCKOM CMEpTHOCTH, JeUeHHs OeCIUIONMs, TePOHTONIOTUY, NICUXUATPUH, pa3-
BUTHSI METOJIOB KOHTPALICIILINH, IEPECaaKi OPIraHOB M CO3aHHs HCKYCCTBEHHBIX
OpraHoB, CMEHBI II0J1a U T. . BOSHUKIM CIOPTUBHAs, KOCMHYECKas U IPyrHe
oTpaci MeOWLMHBL. B menom Onaromapst MequiMHe B psile ClydaeB YIIydIld-
JIaCh YIIPABIISIEMOCTh YEJIOBEYECKUM OPTaHH3MOM.

UroOB! JTydiie MOHATh, KaKHe MPOPBIBEI MPOUCXOIMIN B MEIULIUHE
B TCUCHWE HAYAIBbHOH (pa3sl KHOCPHETHYECKOH PEBONIOIMH, MMECT
CMBICIT 00paTHThCS K CaMO# MPECTHKHOM Hay4HO! Harpaze. B nepuon
¢ 1930-x mo 1980-e rr. HobeneBckue mpeMHu HOJIYyYHIH aBTOPbI OT-
KPBITHI B 00J1aCTH BUTAMHUHOB, TOPMOHOB, aHTHONOTHKOB, HEPBHOMI
perymsnun, (epMeHTOB. Bce OHM OBICTPO CTajdu NMPUMEHATHCS B
¢dapmakonoruu. ITocne 1958 r. HobGeneBckue npemMun HavYaau MOy-
9aTh HCCIIC0BATENN B 00JaCTH reHOMa.

2.2.2. MeaMuMHa Ha MOoAepHMU3aLMOHHOM (a3e
knbepHeTnueckoi pesonrouum (1990-2020-e rr.).
Hayunas ¢ 1990-x 1. 1 o HacTofIEee BpeMs MEAUIIMHA HAXOAUTCS B MOJED-
HU3AIMOHHOH (a3e KubepHeTHIeCKor peBoronnd. OTpacih MPH STOM CHIBHO
KOMIIBIOTEPU3UPYETCs, 0COOEHHO B 00JaCTH TUATHOCTHKH, CO3A0TCS pa3jiny-
HbIC aBTOMATUYCCKHUC CUCTEMBI YIIPABJICHUA: AbIXaHUEM, CHa6)KeHI/IeM opra-
HU3Ma MUTATEIEHBIMA BEMIECTBaMU, apTepHALHBIM JaBJIICHHEM, paboToil He-
KOTOPBIX BHYTPCHHUX OPraHOB U T. 1. Pa3pabaThiBacTCs OrPOMHOE KOJHYECTBO
MEUITMHCKUX TPENnapaToB, KOTOPhIE YJCIIEBISIOTCS U CTAHOBATCS Ooliee J0-
CTyIHBIMU. Pa3BHBaeTCst XUpyprus, CBA3aHHAs C [IEPeCcaJKoi OpraHoOB U 3aMe-
HOW OTHENBHBIX YYACTKOB Tella Ha HCKyCCTBeHHLIe4, B TOM YHCIJIE HIOCKOITH-
YyecKas XUpyprusi, o0ecrneurBaromnas mpoBeieHue onepauii 6e3 pa3pe3os, BOC-
CTaHOBUTEIbHAS MEAUIUHA U T. . CaMU XUPYPTHUECKUE METOJBI CTAHOBSTCS
MeHee 0OJIe3HEHHBIMH, TPeOYIOT MEHBIIIE BpeMeHH sl peadbumutanuu. [loss-
JIAIOTCA HOBBIC HAIIPaBJICHUA B MCAWIWHE, TAKUC KaK yAapHO-BOJIHOBasA TE€pa-
musi, 00pp0a C MOBBIIICHHBIM XOJICCTEPUHOM. AKTHBHO Pa3BHUBAIOTCS HAIIPaB-
JIeHUs, 3apOJUBLIMECS paHee, B YACTHOCTH CBS3aHHBIE C HCKYCCTBEHHBIM

OILIOIOTBOPEHHEM, COXPAHEHHEM OEPEMEHHOCTH H IPHHSTHEM POIOB° 1 T. JL.

* Tak, po6seMy 3aMeHBI 3aKyMOPEHHBIX APTEPHH OTYACTH MOMOTJIO PEIIUTh MPUMEHEHHE HCKYC-
CTBEHHBIX COCYIOB, CO3JJAHHBIX aMEPHKAHCKMMH Y4eHBIMH B 1990-x rr. M3roToBieHHbIe Ha OC-
HOBE KOJUIAreHa, OHM PACIIMPSIOTCS M CYXKAIOTCS, KaK HACTOSIIME, YIPAaBIss MOTOKOM KDOBH,
unymiei k cepany (I'pumax 2003).

® Pombl Garosiapsi HOBEIM TEXHOJIOTHAM MPOXOMAT HE CTOJb GONE3HEHHO, HE MOPTAT GUIypy HKeH-
IIUHBI U B IIEJIOM Bce 00Iee OTIAIIOTCS OT €CTECTBEHHOrO IPOTeKaHus mporeccoB. C moMOMmEbIo
CTUMYJIATOPOB POABI IIPOUCXOMAAT B ONpPEIENCHHO Ha3HAYCHHBIN JEHb, BEPOSATHO, B CKOPOM Oy-
JlyIlieM FeHETUKA MM TeHeTHYECKasi HH)KCHEPHs MOJCKAXKyT pElIeHNe poOIeMbl Ipeonpenene-
HHS I0JIa peOeHKa (XOTS ¢ IOSBICHUEM Y POAUTENCH IT0J0OHOro BHIOOpa MOXKET BOSHHKHYTh Ta-
Kasi cepbe3Has COIHaIbHas MpobaeMa, KaK BO3MOXKHAS JUCIIPOIIOPIHS II0I0B, KOTOpasi CeTOMHS,
Harnpumep, o4eHb octpa B Kurae). CTaHOBSATCS MOMYJIAPHBIMU POJIBI ONEPaTHBHBIM METOJIOM BO
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Haumnas ¢ 1980-1990-x rr. memaroTcs 3aMEeTHBIE YCIIEXH B 00JacTu OOph-
061 ¢ HanboJee YaCTHIMU MPUYNHAMHA CMEPTHOCTH — WH(PAPKTOM, HHCYIIBTOM,
a TaKKe PEAKVMH U CIOKHBIMH 3a00JI€BaHMAMH, B TOM YHCIIE HACICICTBEH-
HBIMHM. 3HAUUTENbHBIE YCIIEXW JOCTUTHYTHI B TEXHOJOTHSX HCCIIEIOBaHUS
BHYTPEHHUX OPraHOB M TKaHEH, B TOM YHCIIC C IPUMEHEHHEM TaKHX METOJIOB,
KaKk KOMIIBIOTepHasi ToMorpadus, sSAepHO-MarHUTHO-PE30HAHCHAsT MHTPOCKO-
IUsI, PEHTTEHO(IIIOOPECEHTHBIH aHanu3 u psia Apyrux (Mupckuit 2010: 19),
XOTS HEKOTOpHIE M3 HUX MOSBWINCH €IlIe B MPEALISCTBYIOIIUE JIECSTHICTUS
(1970-1980-e rr.).

CoBpeMEeHHBIH 3TaIl ABIAETCS 3TAIIOM MacCOBOTO PaclpOCTPAHEHUS] HHHO-
BaIMii, HAKOIICHHBIX 3a IIOCIEIHHUE ACCATHIETHS, MOCKOIbKY OOJBIIMHCTBO
HOBBIX TEXHOJIOTHH MOCTPOCHBI Ha YIYYLICHHH PaHEe CICNaHHBIX OTKPHITHH
n n3o6petenuit. [Ipy 3TOM MenuIHA B I€IOM (TO €CTh C Y9ETOM T'OCYAapCTBEH-
HBIX W YacTHBIX PacXOJOB) OKa3bIBACT Bce OOJiee 3aMETHOE BIMSHHE HAa 00BeM
BBII. PacnpocTpaneHye MEIUIMHCKUX TEXHOJIOTUHA — JIOPOrOCTOSLIMK IPOLIECC.
HeCMOTpH Ha 3TO, MPOUCXOAUT HeyKJ’IOHHLII‘/II pPOCT CPCACTB, BBIACIACMBIX
rocyJapCTBOM Ha MEAUIIUHY. Iloka B LCJIOM UX POCT CpaBHUM C TEMIIOM pOCTa
BBIT®. Oxnako B Pa3BUTBIX CTPAaHaX PacXObl HA MEJUIMHY HA OJHOIO JKUTEIIA
B 10-20 pa3 Gosbiie, ueM B pa3BuBaronuxcs. C yueToM IporHo3upyeMoro 0o-
nee OpicTporo Temma pocra BBII B pa3BuBaromuxcs crpanax, osictporo ¢hop-
MHPOBaHHS TaM CPEIHETO KJIACCa MOYKHO IPEAIOI0XKNTh, YTO B IIEIOM PacXo-
JbI Ha MEIUIMHY OyIyT pacTH onepexaromuMu Ttemiamu. CrapeHune Hacene-
HUSI COBOKYITHO C POCTOM OJIaroCOCTOSTHHS TPHUBEAYT K TOMY, YTO PacXobl Ha
MeauIuHy OyayT omepexaTs ooummii poct BBIL. U, BeposTHO, 3Ta TCHICHIHS
naxe ycunutces. OO 3TOM roBopHUT TOT (akT, YTO Jake B IEPUOIbI HE3HAUH-
TenbHOro pocra BBII pacxoabl Ha MeIMLMHY YBEIUYMBAIOTCS JOCTAaTOYHO
obicTpo. B yactHocTH, B ctpanax OBCE B mepuox nociensero kpusuca (2008
r.) poct BBII Ha mynry HaceneHus 6bU1 OUeHb He3HAYMTENEH, Bcero 3 % (CooTBeT-
ctBeHHO B 2007 1. — 35 855 mommapos, B 2010 1. — 36 994 nommapa), a poct Meau-
IIMHCKUX PAcXOJ0B Ha OJHOTO dYenoBeka BbIpoc Ha 13 % (COOTBETCTBEHHO
B 2007 . — 3858 mommapos, 2010 1. — 4364 nomnapa [paccunrtano no: World Bank

n30eXaHNue JIMIIHAX Harpy3oK M TpaBMHpoBaHMS MaTtepu. Hanpumep, B 1950-e rr. B KIMHHKaX
OpaHnyK onepanmio Kecapea ceueHus aenand B 1 % Bcex popos. B namm nuu B KHP, Hanpu-
Mep, IIyTeM KecapeBa CeUeHHS pOoXkaeT Kaskaasl BTopas >KeHINHHa, a B bpasummu — 6omee 50 %
(8 PUO-ze-XKaneiipo — 80 %).

6 Tak, no nanHsIM MupoBoro 6anka, ¢ 1995 mo 2010 r. pacxo bl Ha MEUIMHY Ha KaXJIOTO XKHUTEIS

3emun BBIPOCIH B/IBOE — ¢ 454 nomnapoB B roa 10 950 nomiapoB mpu AOBOIBHO 3aMETHOM POCTE
Hacenenus (World Bank 2012b), BBIT Ha ayiuy HaceneHus Takxke BBIPOC MO4YTH BIBoe — ¢ 5200
10 10 000 momtapos Ha yenosexa (World Bank 2012a).
OpHaKo B Pa3sBUTBIX CTPaHAX PACXOABI HA MEAUIMHY PACTYT OoHepexaromuMu TemrnaMu. CoriacHo
nansbM 1o crpanaM OBCE, pacxozibl Ha MEJMIIMHY PacTyT 6ojiee YeM BJIBOE Ha YEJIOBEKa, COOT-
BeTCcTBEHHO B 1995 1. — 2102, a B 2010 1. — 4364 nomapa, Toraa kak poct BBII Ha mymnry nacenenus
1995 r. — okomno 22 000 nommapos CIIIA, a 2010 r. — okomo 37 000 momrapos (The World Bank
2012a).
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2012a)]). YpoBeHb pasBUTHsS MEIWIMHBI TaK)Ke 3HAYMTEIHHO BIMACT HA TAKOW
TIOTY ISAPHBIH TOKA3aTENb Pa3BUTHS CTPAHBI, KAK HHAEKC YETI0BEUYECKOTO Pa3BUTHSL
B TO Xe BpeMms B MEIOHIMHE 3PEIOT OYEHb KPYITHbIE MHHOBAINH, KOTOPBIE
CTaHYT OLIYTUMBIMH 4Yepe3 JBa-TpH AeCATHIETHs (2 HeKoTophle U panee). Ceil-
yac HanOoJiee MHTEHCHBHO Pa3BHBAIOIIMECS OTPACIN MEIULHUHEI (B HMINPOKOM
CMbICIIe TepMHHA) — Ooph0a ¢ HEM3NIEUUMBIMU 3a00I€BaHUSIMY, UMILIAHTALHS,
penpoAyKTHBHAs MEIULIMHA, TeHHas Tepanus, a Takxke (papMaleBTHKA U dCTe-
THUYECKass MEAWIMHA, O KOTOPBIX MBI elle CKaxkeM oTnensHo. CerogHs
MEIWIITHA HEPa3phIBHO CBs3aHA C OMOTEXHOJOTHAMHU (depe3 (apMameBTHKY,
TCHHBIC TEXHOJIOTHH, HOBBIE MaTepHalbl U MHOroe apyroe). OTIMYUTENbHON
YEepTOH COBPEMEHHON MEIMIIMHCKON HAYKH SIBIISIETCS €€ «OMOIOTH3aNs»: K-
pOKOE MPUMEHCHHE IIOIXO0J0B, 0a3MPYIONIMXCS Ha METOAaX MOJEKYJSIpHOH
U KJIETOYHOW Omosiornmy. BO3HMKIO HOBOE NEPCIIEKTHBHOE HANpaBICHHE —
ouomemunmHa (cM. mompoOHee, Hampumep: Crparerus... 2013). Hmke M
paccMOTpUM HEKOTOpPBIE Ba)KHBIC HAIIPABJICHUS] MEAULHBI. OTMETHM, YTO POCT
3HAUEHMs MEIULMHBI BHJCH Takke B (peHOMeHe Meaukanuzanuu. OH BbIpa-
KaeTcs B TOM, YTO MHOTHE acHeKThl MPOSBICHUS YEJIOBEYECKOrO ITOBEICHUS
(0COOEHHO JIEBMAHTHOTO) M NCUXUKH, KOTOPBIE paHEe HUKAK HE CBS3BIBAIUCH
C MEJMIUHOW, HAYMHAIOT OMKUCHIBATHCS B MEJMLIMHCKUX TEPMHHAX U TpeOOBATh
METUITMHCKOTO HAOIIO/IEHUs] U BMemaTenbcTBa (cM. nmoapobuee: FOaun 2008).
Kpome Toro, Bce Goisiee pacrpoCTpaHSIOTCS NMPAKTUKK W3MEHEHMS TeX WU
MHBIX XapaKTepUCTHK YeloBeka (0T (opMBI HOCa IO BEIOOpa IToJa).
Pa3paborka HOBBIX JIeKAPCTBEHHbIX NpenaparoB. OTHUM U3 KPUTEPUEB
OILIEHKH Pa3BUTUSI MEIUIMHBI ABJIAETCS IPOU3BOJCTBO MEIMKAMEHTOB, 00BbEM
KOTOpPOTO HEYKJIOHHO pacrteT. Tak, Mpou3BOACTBO NEHUIMILIMHA ¢ 1940-x rr.
BoIpocsio B 2000 pa3. BeicTpo pacteT Takxke M (apMmaneBTHYecKas OTpacib
B nesioM. Tonbko B CHIA ¢ 1950-x mo 2000-¢ rr. yncno ¢pupm, Iponu3BOISIIIHX
JIeKapCTBEHHBIE Mpenaparsi, BRIpocio Gonee dem B 7 pas (Demire, Mazzucato
2008). BoJIBIIMHCTBO Pa3BUTHIX CTPAHBI B HACTOSIIEE BPEMS JIEIAIOT CTABKY Ha
pa3paboTKy JieKapCTBEHHBIX MPENapaToB M BKIABIBAIOT B HUX OOJbIIHE Cpe/ll-
crBa (Baker 2013). OrpomHbie cpencTBa TPATITCS TAaKKe HA MPOIBIKCHUE
stoit nponykuun. B CIIA, Hanpumep, GapMKOMIAHUH €XKEr0HO PAaCXOAYIOT
Ha 3TH 1enu okoio 20 mupx nowtapos. (Moynihan 2003; Kongpatses 2011).
[lo manHBEIM BceMupHO# opraHusanyy 3apaBOOXpaHEHHs, MUPOBOE IPO-
H3BOJCTBO MeIUKaMeHTOB ¢ 1985 mo 1999 r. BeIpociio B I€HEAKHOM COOTHOIIIE-
Huu B 4,5 paza — no 327 mupn nomutapos (WHO 2004). A x 2006 r. — eme
BJ[BOC, W OOLIMIA 00bEM MHPOBOTO PHIHKA JICKAPCTB OlcHHBaICS B 640 mupn
noimapoB, n3 KoTopeix moutu 50 % mpuxommnocs Ha CIHA (KomapaThes
2011). Dra oTpacib ocTaeTcsi OJHONW W3 CaMBIX MPUOBLILHBIX, C PEHTA0EIBHO-
cThio Tposax Ha ypoBHE 17 % (Tawm xe). [Ipn 3ToM exerogHo odvem HOTpeo-
JICHUSI pacTeT Ha HECKOJIBKO MPOIEHTOB. O BO3MOXKHOCTAX pOCTa MOTPEOICHUS
JIEKapcTB B OyIyIIeM MOXKHO CYIWTh IO TOMY, YTO PBIHOK JiekapcTB B Poccun
B 2007 r. cocTaBisn Bcero 12 mup o cpaBHeHuro ¢ 6onee yem 300 mup noi-
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napoB B CIIIA (cpemHeCTaTHCTHYECKIA POCCHSAHUH MOTPEOIISIET B TOJ JIEKAPCTB
Ha 50 nommapos, a amepukanel — Ha 683 moyutapos [Tawm xe]).

JcTreTHyecKass 1 KOPPeKIMOHHAss MeAunuHa. Bce panbme mo myrtu
BMELIATEIbCTBA B 4YeJIOBedeckHii opraHu3M. CTpeMHUTEIbHO pa3BUBAaeTCA
JCTEeTUYECKasi U KOCMeTHYecKas MeJULMHA, TTaBHOH 3a1a4ueil KoTopol sBIsAeT-
Csl KOPPEKLHUsSl HENOCTaTKOB M JIe()eKTOB BHEUIHOCTH, a TaK)Ke ITOBBIILICHHUE
MIPUBJIEKATEIbHOCTH JIOJIeHl. Pa3BuTHe 3TUX HamlpaBieHUil CBA3aHO C POCTOM
YPOBHSI >KU3HH, KOTJIa JIFO/IN TPATAT Bce OOJIbILE JICHET Ha YXO0J 3a co00M, U co-
OTBETCTBEHHO BBICOKOH mpuOBUIbHOCTEIO. [To manHBIM Forbes, BceMupHBIH
PBIHOK KOCMETUYECKOM M 3CTETUYECKOM MEIULUHBI oleHuBaeTcs B 180 mupn
nommapoB (XKoxosa 2011). CoBpeMeHHBIE NOCTIDKEHHS ITOMOTAOT W3MEHUTH
(opMy pasIMYHBIX YacTeH JnIa U Tela, H30aBUTHCSA OT MOPIIHH, 00ECTICYNTh
OMOJIOXKEHHE KOKH JINNA U Tela, yOopaTh JHIITHUH XKHUpP, UMITIAHTHPOBATh 3yOHl,
NIepecanuTh BOJIOCH U T. 1.

OfHUM K3 BBICIIMX AOCTIKCHMH MIACTUYECKUX XUPYPrOB SABISETCS Iepe-
caJika JInna.

[lepBast omepauust mo mepecanke Jiuna Obuia npoBefeHa Bo PpaHuuu
B 2005 r. mareHTKe, KoTopas mocTpajaaia oT coOCTBeHHOM cobaku. He Tak mas-
HO CTaJM HW3BECTHBI NOAPOOHOCTH KPYITHOHM OIepaluy, NMpouleAnieil B MapTe
2012 r. B pesynbrate Tpyaa Bpaued B YHuBepcurere Mbpapuienaa 37-neTHuit
Puaapn Hoppuic nomydm HOBoe JIMIO — B TOM YHCIIE YEINIOCTh, 3yObI U SI3BIK.

2.3. MporHosbl pasBUTUSA MeAULUHBI.
Kak xapaKTepucTukm KnbepHeTnuyeckom peBoniounmn
NPOSABATCA B pa3BUTUUN MeAULUHbI

2.3.1. 1Ba pecaTusieTus A0 HauaJia 3aBepluiaowen ¢asbl
knbepHeTnueckoi pesonoummn

IIpousBoacTBO MeANKAMEHTOB. B HacTosiliee BpeMsi AMHAMHKA POCTa Pa3HbIX

TPYIIIT METUKAMEHTOB CYIICCTBEHHO Pa3IMYacTCs U MMEET CBOM OCOOCHHOCTH,

YTO BIIOJIHE OOBSICHUMO B YCIIOBHUSIX CTPEMHTEIHHBIX HAYYHBIX, COIMAIBHBIX

1 YKOHOMUYECKUX U3MECHEHHM.

Hamnpumep, odeHb OBICTPO pacTeT MPOU3BOACTBO TaK HA3BIBAEMBIX JIKEHE-
PHUKOB, TO €CTh JIEKapCTB, MATEHTHAs 3allUTa Ha MPOU3BOJCTBO KOTOPBIX yiKE
He paeicTByeT. [Ipeamonaraercsi, 9T0 00bEM MHUPOBOTO PHIHKA MPOW3BOJICTBA
Takux Jgekapcts ¢ 2010 mo 2018 1. MokeT BeIpacTH BABOE U JocTU4b 230 Mupa
JOJTapoB. BEICTPEIN pocT OOBACHICTCS TEM, YTO Ha 3TOT PHIHOK aKTUBHO BHI-
XOJSIT pacTylIe SKOHOMHMKH Pa3BUBAIOILUXCS cTpaH, Hanpumep Muauu u Ku-
Tass. Takoil poCT XapakTepeH MMEHHO JJIsi MOJCPHU3AIMOHHON (ha3bl HMPOM3-
BOJICTBEHHON PEBOJIIOLIMM, KAaK U IMPOTUBOIOJOXKHAS TEHICHIMS, OMHCAaHHAsS
HIKe. B mocnemHee necaTuieTue HaOMIOJACTCS CHIDKCHHE O(PHUIMAIBHO J0-
MTyIICHHBIX OnodapManeBTHUECKUX HPOIYKTOB, TOATBEPKAAIOMINXCS MaTeH-
ToM. C Apyroil CTOPOHBI, YHCIIO TIPETapaToB, MPOXOIAIINX KINHHYECKUE HC-
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MIBITAHUS, TTIOCTOSTHHO pacTteT (Woollett 2012). B mexom 3T0 MOXKHO 0OBSCHUTH
TEOpHUEH MPOM3BOJICTBEHHBIX PEBOIIOIMIM, a UMEHHO — OOPBOOH MEXIy «KOH-
cepBaTopaMu» M «HOBATOpaMU», O KOTOPOU MBI elle ckaxem Huxe. OaHOM U3
Ba)KHBIX KOHKPETHBIX MPUYUH CHIKEHHS BBIMTYCKa OMOCTUMYIIATOPOB SBISIETCS
yCUJIEHHE KOHTPOJS HaJl MX NPOU3BOACTBOM. U, BeposTHO, mpobieMa ycKo-
PEHHOTO TPOU3BOJICTBA OE30MACHBIX JEKAPCTB TOJIBKO OOOCTPHUTCS B OJIMDKaAM-
IMe JeCATHIIETHS, €€ PEelIeHNne TaKkKe OyleT OJHUM W3 UCTOYHHUKOB MOIIIHOTO
ppiBKa (KaKk 3TO MPOM30LUIO B TIEPUOJ Hadajda MPOMBIIIICHHOW pEBO-
JIIOIINN).

OCHOBHOW BEKTOP MOACPHHU3AIMOHHON (pa3pl KHOCPHETHIECKON PEBOIIO-
U — IIAPOKOE PACTIPOCTPAHCHHE YK€ TIOSBUBIIHMXCS WHHOBAIMH (Ha TIEPBOM
JTane), ux MomgupuKamus M cuHTe3. [loaToMy dmcino 0a30BBIX HHHOBAIIMN
B OTOT NEPHOA B OTACIHHBIX HANpPABICHUSIX MOXCET OBITh MCHBIIE, YeM B
MIPEIIISCTBYIOMMKA (3aTO MacmTad WX PacHpOCTPAaHCHUS HEH3MEPHMO OOIhb-
e).

C nmpyroit CTOpOHBI, MBI TaKXKe MpEIoJaraeM, 9To B TeUCHUE OMKalmux ae-
CATHJICTHH MOXHO OKHJaTh HOBOT'O BCIJIECKA MHHOBAIMH U MOSBICHUE MEIU-
KaMEHTOB HOBOTO ITOKOJICHHUS.

Poct 3cTrernyeckoil MeanuuHbl. MOXHO NpeanoiaraTh B TE€YEHUE JIBYX
CIEYIONINX NeCATHICTHH OypHOe pa3BUTHE HEKOTOPBIX HANPABICHUH MeIu-
LOUHBI, TAKUX KaK KOCMETHUYECKas M ICTeTHYecKas (XOTS 3TO MOXET BBI3BATh
JIOBOJIFHO CEephe3HBIC TICHXOJIOTHYECKHE MPOOIEMBI, B TOM YHCIIC CBS3aHHBIC
¢ caMouAeHTHQHUKANHEH JTHIHOCTH). [IOMHMO HOBBIX TEXHOJIOTHH OYCHB IIU-
POKO pacIpoCTpaHATCS U YK€ OpoOOBaHHBIE (HApUMep, pasHbie (POPMBI TIOI-
TSDKKH JIAIA, JTUMOCAKIHS, KOppeKws Gurypsl u 1. 11.). Yem G6orade odmiecTso,
TeM OOJBUIYIO YacTh CBOETO OIOJPKETa ero rpakiaHe TPaTsIT Ha COOCTBEHHBIC
310poBbe U KpacoTy. C y4eToM pocTa MHPOBOTO CPEIHEro Kjlacca MOXKHO
Ipearoiarate eme Oonee OBICTPBIN POCT 3TOTO HANpaBICHUSA, OypHBIH poCT
BCEX BHIOB ICTETHUECKOW MEAWIMHBI. DCTETHUYECKas METUIIMHA MOXET pas-
BHUTHCSI B KOPPEKIMOHHYIO MEIWIMHY OyayIero, BaXHEHIIeH 3amadeil KOTo-
poii OyneT nchpaBiIeHHE BPOXKAECHHBIX U IIPHOOPETEHHBIX MTOPOKOB OpPTraHW3Ma
Y BHENIHOCTH, KOTJIa OYIYT CO3AaHBI HOBBIC TEXHOJIOTUU Ha 0a3e JOCTIDKCHHMA
XUPYPrUU U FTeHHOU MH)KEHEPHH.

Bopbda ¢ HensIeYuMbIMH 3200JIeBAHUSIMHM — Ba)KHEHIIIee HAlpaBlICHIE
MeauiuHbl. [lo manaeiM BO3, B Mupe HamOoliee 4acTHIMH 3a00JICBaHUSMU,
MIPUBOALINMH K JIETATbHOMY HCX0xy, Ha 2008 T. sSBISIIMCH HHPEKINN HIDKHUX
nerxarenbHbIx mytedt (11,3 %), nuapeiinsie 3aboneBanus (8,2 %), BUY/CITA/]
(7,8 %). Mexny TeM B pa3BUTBIX CTpaHax HamboJiee pacIpOCTpaHEHa CMEPT-
HOCTh OT WIIEMHUYecKoi Oone3nu cepaua (12—15 %), uHCyIbTa U APYTHX Iie-
pebOpoBacKysIpHBIX Oonesneit (8,7 %), pakoBBIX 3aboeBaHUil Tpaxeu, OpoH-
X0B U Jierkux (5,9 %), a B 11eIOM CMEPTHOCTh OT OHKOJIOTHYECKUX 3a0o0jeBa-
HUI B pa3BUTHIX CTpaHaX MPUOIIKACTCS K CMEPTHOCTH OT WIIEMUYEcKoil 6o-
JIE3HU ceplua.
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C y4eToM OBICTPOTO CTapeHHMsl HAaCEJICHUs MMOTEHIMAIbHAs ONAaCHOCTh 00-
JIe3He# cTapocT OyaeT Bo3pacTaTh. TEHACHITUS CETOMHS TaKOBa, UTO IO Mepe
POCTa IPOIOIDKUTENEHOCTH KU3HU UMEHHO OHKOJIOTHYeCKUe 3a00IeBaHHsI BbI-
XOIAT Ha mepBoe MecTo. [loaToMy BakHeHIIeH 3amadeil MeOuUUHBI OyHeT
6oprba ¢ oHkoyorueit u npyrumu Heayramu crapoctu. B XIX u XX BB. yna-
JIOCh TOOUTHCS MOOeIpl HaJ MHOTHMH MAacCOBBIMH CMEPTEIbHBIMH 3a00IeBa-
HUSIMU (XOJIepa, JKenTasl IMXopajKa, OpIoIHON TH(, CTOIOHSK, OJINOMHUEIHT,
KOKJIFOII, KOpb, Mamsipus, audrepus u np.). Kazamoce O, cMepTenbHO omac-
Hble MHpEKInoHHbIe Oosie3Hy, 3a uckmouenueM CIIMJla (komoccanbHO pac-
MIPOCTPAHEHHOTO B CTpaHax Adpukn), modexaeHsl. OQHaKo BO MHOTHX Pa3BU-
BAIOLIUXCS CTPaHaX C TPOIMYECKUM KJIMMATOM M CErOJHS HAJHMII0 MAaccoBas
rudenb oT HHPEKIUOHHBIX 3a00JIeBaHN, THXOpagok. B Hame Bpems Henzie-
YiMEBI€ 00JIE3HH — 3TO BBI30B YCJIOBCYECCTBY, HCYAUBUTECIIbHO, YTO IMPEAYCMOT-
PEHBI OTPOMHBIC TIPEMUH 32 PEIICHUE STUX 3a1ad.

B mmane 60pbOBI ¢ OHKOJOTHYSCKIMH 3200JICBaHUAMHU €CTh MO3UTHBHBIC
W3MEHCHHUS, CBA3aHHBIC C BO3MOKHOCTBIO PAHHETO JHAaTrHOCTHPOBAHUS U POCTa
MPOIICHTA M3JIeUeHUs (0 HUX emle OyJeT CKa3aHO HUXKE), OJHAKO B PEIICHHUH
9TOH TpoOIEeMBI MOKa elle HeT KapIMHAIBHBIX MepeMeH. He mckiroueHo, 9To
u k 2030-M rT. emie He cyMeroT modeanuTs pak. [lo-BuamMomy, ams modeas! Hax
HUM TpeOyIOTCS OYeHb 3HAYUTEIbHBIE CABUIH. 3aTO cama 1mobea MOXKET CTaTh
MOIIHBIM HUMITYJIbCOM IJIsI TPOPbIBA B o0acTu nepexoga MEAUIUHLI B LEJIOM
HA Ka4€CTBEHHO HOBbII YPOBEHb.

JIBHikeHUe K YNpPaBJAsAeMOCTH CHCTeM M MMHUMH3AIUH BMelIaTeNb-
cTBa. PocT ympaBisieMOCTH CHUCTEM HAIUIIO0 B Pa3HBIX OOJACTAX MEIUITUHBL.
HexoTtopble W3 HUX YK€ AOCTHUIVIM CTAJUM HACTOSIIEH CaMOyNpaBiIsSeMOCTH,
HATpUMEP CHCTEMBI TIOJICPIKKH KI3HEICATSITPHOCTH, UCKYCCTBCHHBIC OPTaHBI.
Jpyrue cucteMbl HaXOIATCS HAa IMyTH K CaMOYIPABIIEMOCTH, MIPH 3TOM OHH
HEpa3pBIBHO COYETAIOTCS C MHHHMHU3AIMEH TPaBMHUPOBAaHUS MaIllieHTa. B xu-
pypruy, HampuMmep, pa3BHBAeTCsl ONEPUPOBAHME C IMOMOIIBIO CHEIMAIbHBIX
IMOKMX MHCTPYMEHTOB, KOTOPBIMH MOXKHO JOOpAaThCsl B CaMble TPYIHOAOCTYTI-
HBIE MECTa OpraHu3Ma, He Jejas 3HAUYWTEeNFHOTO Hajape3a BHYTPEHHEH IoIo-
cru. Ilpu 5TOM BO Bpems omnepanuil UCIOJIb3YHTCS 3HIOCKOIBlI U BUIEOKAME-
PBI, TIPH MTOMOIIN KOTOPBIX M300pakeHHE TepenaeTcs Ha MOHHTOP CO 3HA4YU-
TCJIbHBIM YBCJIMYCHUCM. I[J'If{ peuICHuA HpO6HeMLI JAPOXKaHUA YCITOBEYCCKUX
PYK HOPUMECHAIOTCA CHCIUAJIBHBIC YCTAaHOBKH, 3aMCHAIONIUE PYKY XUpypra.
Ynpasisist UMU, Bpad KOHTPOJIMPYET CaMble MEJIKHE IBIKEHUS HHCTPYMEHTA (B
TOM YHCJIe Jla3epa WK YIbTpa3Byka). J[eno uaer k ToMy, 4To B OTHOCHTEIILHO
CKOPOM BpPEMEHH HEMAJIO Omepanuii OyJeT OCyHIeCTBIAThCS 0e3 y4acTHs XH-
pypra. Takue onepauuu yxe cTaau npoBoautscs, B 2011 r. npomuta nepsast B
MUpE olepauusi 10 MepecagKe MOAXKEIyIOUHON Kele3bl, MOJHOCThI0 IpOoBe-
neHHoi podotom Da Vinci SHDI.

2.3.2. MpeapnocbiiKN ANA npopbiBa
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Kak yxke cka3aHO, UMEHHO O0JAaCTh MEIHULUHBI CTAHET TEM Y4YacTKOM, IJIe
HAYHETCs] U CTaHEeT Pa3BHBAThCs 3aBepluaroinas (aza KnOEepHETH4ECKOW PeBo-
JIFOLWH. DTOMY, B 9aCTHOCTH, Oy/IeT CIiocOOCTBOBATh CKiazpIBatommasics kK 2030-m
IT. ¥ O4YeHb ONarompusATHAs Ui 3TOTO CUTyalusl B DKOHOMHUKE, JeMorpaduy,
KyJIbTYpe, YpOBHE >KM3HH M T. J., YTO ONPEICIUT OIPOMHYIO MOTPEOHOCTH
B HAYYHO-TEXHOJOTUYECKOM PBIBKE.

[epedncaum 3TH MPEITOCHUTKY:

— OIPOMHBIA 00BEM MEAMIMHCKUX YCIYT B MHpPE, KOTOPBIH COCTaBISIET
oxoio 10 % muposoro BBIT;

— BBIpAaBHHUBaHHE YPOBHEH pa3BuTHs Mepr(EepUAHBIX U Pa3BUTHIX CTPaH;

— CO3/aHKe B HUX OTPOMHOIO IO YHCICHHOCTH CPEJHEro Kiacca, COKpa-
HieHre OeTHOCTH M HErPaMOTHOCTH. B MTOre akleHT yCHUIINi CMECTUTCS OT UC-
KOpEHEHHs HanboJiee HETEPIUMbIX YCIOBHUI JKU3HH K MPOOIeMaM MOBBIIICHUS
Ka4ecTBa KU3HH, 3a00ThI O 3[0POBbE U T. M. TakuM 00OpPa3OM, OTKPBIBACTCS
OTPOMHBIN MMOTEHIUAN JUIsl PA3BUTHSI MEANUIMHBI;

— K 3TOMY BPEMEHHU OYEHb MOIIHO NPOSBUTCS NpobiieMa cTapeHus: Hacele-
uust. [Ipudem He TONBKO B Pa3BUTHIX CTPaHAX, Ie OHA CTAHET MPOCTO CYAbOO-
HOCHO# /IS IEeMOKpaTHii, HO U B LEJIOM psJic Pa3BUBAIOLIUXCS, B YaCTHOCTH
B Kurae m paxe yactnmuno B Muamu. OGocTpurcsi mpobineMa NEHCHOHHBIX
BBIIUIAT (TaK KAK YBEIMYHUTCSI YMCIO [IEHCHOHEPOB HA OJHOTO paboTaroIero)
U OJIHOBPEMEHHO YCHIIMTCS Je(UIUT paboueil cuibl (KOTOPBIA B psjie CTPaH,
B ToM umciie B Poccun, yxke octpo ourymaercs). Taxum obpazom, npobdremy
Hexeamku padouell Cuibl U NEHCUOHHBIX OMYUCTIeHUl HeobXxooumo Oydem pe-
wamov 3a cuem mozo, 4moowl 100U usutecku moeau pabomams Oonvule Ha
Odecsimb—namuaoyams u 6ojaee iem (pasymeemcsi, 30eco NOmpedyemcsi peuuns
u crovcuvle coyuanvivie npobnemst)’. CkasaHHOE KACASTCS W afaNTALIUN HHBA-
JIUJIOB JUIsl OOJiee TOJHON MX BOBJICUEHHOCTH B TPYJOBOU IMPOIIECC 3a CYET HO-
BBIX TEXHHUYECKUX CPEICTB U TOCTI)KCHUIH MEIUIIUHBI;

— OZIHOBPEMEHHO K 3TOMY BPEMEHU CYIIECTBEHHO COKPATHUTCS pOXKIae-
MOCTh BO MHOTHX pa3BHBAaONIMXCs cTpaHax. CleloBaTelbHO, MPABUTEIHCTBA
HAYHYT B OCHOBHOM OECIIOKOUTBCS HE O PEIICHHH BOMPOCA OIPAHUYUEHHS POCTa
HaCEJICHHs, a O €ro 3/I0POBBE.

B menom cioxaTcsl yaayHble YCIOBHUS JJIsi KPYITHBIX HHBCTHIIMKA B MEIU-
LMHY: YBEIMYECHUE YHCIEHHOCTH 00eCTIedYeHHbIX 1 00pa30BaHHBIX JIIOJEH, pOCT
CJI0S JFO/ICH CpPEeTHEro M MOXKIIIOro Bo3pacTa (KOTopble 0COOEHHO aKTHBHO T'oO-
TOBBl TPAaTUTh ACHBIM HAa MEIUIIMHY), YCHICHHE MOTPEOHOCTH SKOHOMHKH
B JIONIOJIHUTEJIBHON pabodeil cuile W 3aMHTEepEeCOBAaHHOCTH IoCyJapcTBa B MO-
BBILICHUH TPYAOCIOCOOHOCTH MOXHIBIX Jtojeil. VHBIMU CIIOBaMH, YCIIOBHUS
JUIsl aKTHBHM3allMM OW3HEca, HayKH M TocylapcTBa B oOeclieueHHe IpOphIBa

7 Pobotuzarus u APYTue€ BO3MOXKHOCTH IMOBBIMICHUS MMPOU3BOAUTECIIBHOCTH TPpyAa TaKKE MOI'YyT I10-
MOYb, HO BpsAJ JIU B TaKO# 3HAYUTEILHOU CTCIICHU, KaK PO JICHUE paGOTOCHOC06HOFO BO3pacra.
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B 00JIACTH MEJUIIMHBI MOT'YT OBITh YHUKAIBHBIMH, @ BO3HUKHOGEHUE UMEHHO TAKUX
VHUKAILHBIX YCI0BULL U He0OX0OUMO 0151 HAYANA HOBOIL (asvl pesonoyuu!

2.3.3. UaMmeHeHusa B xoae 3aBepuiarowienn ¢asbl
KnbepHeTuuecKoi peBonouumn

VYike B HAIlM JHU BHUIHO, YTO I'PAaHUIA MEXIY JAHArHO30M MU JICUCHHEM BCE
Oosblie ctupaeTcs. JIMarHOCTHPOBAHUE CTAHOBHUTCS TIOCTOSTHHO HEOOXOIUMBIM
JUTS OTIPENICIICHUS X0Aa OOJe3HH M TOYHOW JO3UPOBKH JieKapcTBa. B TeucHwme
3aBepuiatoiieil  Gazpl KMOCPHETHYECKOW pEBOJIONMU HAYHETCS I[EePEBOPOT
B MeaunuHe. OH B 4aCTHOCTH OY/ET CBSI3aH C CO3JJaHUEM CHUCTEM, C TIOMOIIBIO
KOTOPBIX MOHHUTOPHUHT COCTOSIHUS 37I0POBBS, MOIJICPKAHUS OpPraHU3Ma B HYX-
HOM COCTOSIHUH U JieueHHe OyIyT OCYIIECTBIATHCS B 3HAUUTEIBHOU Mepe aB-
TOHOMHBIMH CHCTEMaMH, KOTOpbIe CMOTYT (DYHKIIHOHHPOBATh B PETYJSPHOM
WK JaKe MOCTOSHHOM pekuMme. KpoMe Toro, HauHeTCsl BHIPABHUBAaHHUE YCIIO-
BUI /ISl MAIHEHTOB B CBfA3M C BO3MOXKHOCTBIO CTaHIAAPTU3AIMU MEIUIUHBI
1 paboThl HA YyAAIECHHOM JIOCTYIIE (TO €CTh YPOBEHb yCIyr OyAeT B MEHbIICH
CTCTICHHU 3aBUCETh OT KBATH()UKAIIUH METUIIMHCKOTO MePCOHAAa B KOHKPETHOM
MeCTe, YeM TeTmeph).

IIpownsoiineT prIBOK B 001acTH OOPHOBI ¢ HEM3NECYUMBIMUA OOJE3HIMH, HO
rJIaBHOE — B OOJIACTH MOBBINICHUSI KAYECTBA JKU3HH M TPOJJICHUS TPYMOCIO-
cobHoro Bo3pacra. MeauinHa Takke OyJeT pa3BUBATHCS MO MYyTH: a) Mpodu-
JIAKTUKHU U MPOIEICBTUKHU 3a00JIeBaHMI, BOSHUKAIOIIKX B MPOLECCE YKUIHE (e s~
TENBHOCTH; 0) BO3MOXHOCTH KOHTPOJIHPOBAThH MPOIECCHI KU3HEACATSIbHOCTH
U COKpAIIATh OTKJIOHEHHsSI OPraHU3Ma OT HOPMBI, B) MAKCUMAJILHOTO y4eTa HH-
JTUBUYaJbHBIX 0COOCHHOCTEN OpraHu3Ma.

YupapjseMoCcTh 1 KOHTPOJIHPYEMOCTh CHCTEM IIPOSBIISIETCS BO MHOTHX
00JacTAX MEAMIMHBI. BIONHE HAMISIIHO YNPaBIAEMOCTh MOXKET MPOSBUTHCS
B TOM, YTO KypC JICUYEHHs, ONEpalli U IMOCIeAyIomas peadunuranus OyayT
HAXOJIMTHCS TOJ[ BCE 0O0JIee MOIHBIM KOHTPOJIEM MMOJYaBTOHOMHBIX M aBTOHOM-
HBIX CHCTEM. 3BCHO 3a 3BCHOM OTJeNbHbIC (DYHKIMH, (ha3bl, YIaCTKHU IMpoIecca
JICYCHUSI CTAaHET BO3MOXKHBIM OT/IaBaTh 110 HAOJIIOJICHHAE TEX MU HHBIX CIICIU-
QIBHBIX aIapaToB, CUCTEM, pOOOTOB H T. II., IIOKA MPOIIECC JICYCHUs 3a00Iie-
BaHUI1 OT HaYasa JI0 KOHIa He OYJeT MPOXOAUTH IO/ KOHTPOJIEM CIEIIHATbHBIX
cucTteM. JTO OJHO U3 BaXKHEWIIMX HAMpaBleHUH, KOTOpoe Oy/eT pean30BbI-
Barthcs B Teuenue 2030—2050-x rr.

Jpyroe niposiBIeHNe yIpaBIseMOCTH OyJeT OCHOBAaHO Ha BIIMSHHUU Ha He-
KOTOPBIE CHCTEMBI, & TAKXKE KITFOYEBBIC (PaKTOPHI M 3JIEMEHTHI IIPOIIECCOB YeI0-
BEYECKOI0 OpraHu3Ma (4epe3 Hy»KHbIC OCIKOBBIC COCTUHEHUS, KIIETKH, aHTUTE-
Jla, aKTUBU3ALUI0 UMMYHHOH CHCTEMbI U T. IL.). JIpyrumu cjoBamu, Jie4eHHE
cTaHeT 0oJiee HAMIPABICHHBIM U JTa)Ke TOYCYHBIM.

Tperbe HampaBICHUE MOXKET OBITH CBSA3aHO C Pa3BUTHEM CHCTEMbI MOHH-
TOPUHTA 32 COCTOSHHEM OPraHW3Ma, 4TO MO3BOJHUT MPOBOJIUTH MPOQPHIAKTHKY
0oJie3HEH W WX PAHHIOK JMACHOCTHKY. Bce 3TO Takke 00ecmeduT mpolecc
YIPaBJISIEMOCTH JICUCHHEM.
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Hakonen, memnsiit psn GyHKIMA Bpada MOTYT BBITIONHATH CAMH HAIMEHTHI
C IOMOIIBIO OOCITY>KUBAIOIINX X alllapaToB M CUCTEM. AHATU3 Ba)KHBIX MOKa-
3arenelt (TakuxX Kak KpOBSHOE JaBJIICHHE, COAepPKaHUe caxapa B KPOBH) yXKe ce-
TOJHSI MOXKHO JieJlaTh 0e3 Bpada ¢ MOMOUIBIO COOTBETCTBYIOIIMX IPUOOPOB,
TaKXke KaK ONpeAessiTh HOpMY U OTKIOHEHHE OT Hee IO Pe3ysIbTaTaM aHaJIN30B.
BrniosiHe BO3MOXHO, UTO B CKOPOM BPEMEHM AMArHOCTUKA U3 CIEIHATIH3HPO-
BaHHBIX YUYPEKACHUH MepeHeceTcs] B MOOMIIbHBIE YCTPOWCTBA HAa OCHOBE HAaHO-
YHIIOB, HE TPEOYIOMINX y4acTHs crenuaincToB. [Iporpecc B aToii 0bmacTi uaet
3aMETHBIMH TEMIIAMU.

ITo mporuoszam xypHaia Scientific American, yxe B 6imkaiiniem OyayiieMm
TOSIBSITCSL. MEUIIMHCKUE YCTPOHCTBA pa3MepoM ¢ IMOYTOBYIO Mapky. Ux mocra-
TOYHO OYyJeT HANOXUTh Ha paHy. DTO YCTPOWCTBO CaMOCTOSTEIHHO IPOBEICT
aHaJN3 KPOBH, OINPEICIUT, KaKue MEIMKaMEHTH HEOOXOIMMO HCIOJIB30BATH,
W BIPBICHET MX B KpoBb (Pwrdankuua 2005: 46). ManoBeposTHO, YTO TaKOi
anmapar MOXET HOSBUTHCS B OyivpkaiiiieM OynylieMm, U K TOMY ke H0J00HbIe
YCTpPOMCTBa, CKOpee BCero, OyAyT HOCTAaTOYHO Y3KOTO CIEKTpa MehcTBus. TeM
HE MeHee MOSABJICHHE MOJOOHBIX NMPOrHO30B BECbMa CHMITOMATHYHO, TaK Kak
MIOKa3bIBAaeT JBI)KEHHE B HANpPaBJICHHHM DPAa3BUTUSA CaMOYIPABIAIOIIUXCA CH-
crem. Tak win uHauye, HO yxe ceiiuac kommanus Applied Digital Solutions
npemiaraet npubop nox Haszsammem “Digital Angel” mis muctanumoHHOTO
KOHTPOJIS MAI[UCHTOB.

B a710i1 cBs3M mpodeccus Bpaya B COBPEMEHHOM €€ BHJIE MOXKET HOTEPATH
PO HBIHEITHUX aTpHOYTOB, BO-TIEPBEIX, 3a CUET IEpeNadyd 4YacTh (PYHKIUI
Pa3IMYHBIM YMHBIM CHCTEMaM, BO-BTOPBIX, 33 CUET PACIIHPEHIS KOMITCTCHIIUH
oJIb30BaTeNel, Omaromapss pa3IMIHbBIM YMHBIM CHCTEMaM W OBICTPOMY ITOIY-
4yeHuro nHpopmarmu. CerosHs Takas MeraMop(o3a IPOUCXOJUT CO MHOTHMMH
yciayramu (TakuMu Kak ¢otorpadus, Habop u BepcTka, AU3aifH, MoJ00p MHTe-
phepa, MOKyIKa MyTEeBOK, BEIOOP MapuIpyToB U T. I.). PazymeeTcs, npodeccus
Bpada OCTaHETCs, HO YHCJIO Bpauell, BepOSITHO, HE OyAeT MOCTOSIHHO PacTH, a B
WTOTe 3aBepIuaromieii ¢pa3sl KHOSPHETHIECKOI PEBOJIIOINH, CKOPEE BCETO, TaxKe
cokpaturcs. Ecim moTpedyercs Ha HOPSIIOK YBENIMYHUTH YUCIO Bpadel, coBep-
IINTh TEXHOJIOTMYECKHH PBIBOK OYAET CIIOXKHO M3-32 MpOOJieM HOATOTOBKU
KaJpOB ¥ UX CTOUMOCTH.

IToBbIlIeHNEe TOYHOCTH BO3efiCTBHSA SBIISETCS OYEHb Ba>KHBIM HalpaB-
JICHWEM, CIIOCOOHBIM IIEPEBECTH JieYeHHE 3a00JIeBaHMs B yNpPaBIAEMbIH MpPO-
necc. OfHUM M3 CIOCOOOB 3TOTO CTAHET TOYHAs JJOCTaBKa JIEKApCTBEHHBIX
IIpenapaToB A0 HYXKHBIX KIeToK. KitoueByro poib 37€ch, BO3MOXKHO, CMOTYT
CBITPaTh HAHOTPYOKH, pedb O KOTOPBIX IOMIET B pasfeliie, MOCBAMICHHOM
HAaHOTEXHOJOTHSM. Jlpyrue crmocoObl — BO3/ICHCTBHE HA HMMYHHYIO CHCTEMY,
HCTIPaBJICHNE TEHETWYECKUX OTKIOHEHWH, M3MEHEHHE TEXHOJIOTHH XHUpypTHdIe-
CKHX Oomepanuii 3a cyer 0oiee TOHKMX M HEe TPAaBMHUPYIONINX MAaHHIYJIINAH U T.
I
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IKOHOMHUSI M ONTHMU3ALNA NOTpedjieHUus! pecypcoB. MeaniHa BHECET
CYIIECTBEHHBIN BKIIAJ B Onmumuzayuio nompeoaenus pecypcos. Bo-mepBaix, 3a
CYeT MpPOMJICHHUSA JXU3HHU (BpeMs >KM3HH — Hambojiee IEHHBIH pecypc), BO-
BTOPBIX, 32 CYET MOBBIIEHHUs paboTocrnocodHocTH. OnTUMH3aus noTpedie-
HUSI PecypcoB OyneT BBIpaXKaThbCs, HAPUMEpP, B 3KOHOMHHU JICKAPCTBEHHBIX
NIPenaparoB 3a CYeT UX TOYCYHOH NOCTaBKM M MUHMMH3AIMU BMEIIATEIbCTBA
B OpraHu3M. MeHblle OyAeT NMPHMEHSTHCS CTallMOHApHOE JICUCHHE, TaK Kak
orepany OyayT MakCHMallbHO HAIpaBJICHHBIMH, a MEPHOJ peabuiuTanud —
MHUHHAMAaJIbHBIM. bonblne mrofed CMOXKET JICUUTHCS J0Ma, ITOCKOJIBKY HE HC-
KIIFOUCHO Pa3BUTHE YAAJICHHOTO JICUCHHMSI, KOT/Ia Bpad HaOIr0aeT 3a MoKa3are-
JSIMM TTAI[EHTA OHJIAMH U JIeNIacT HyKHbBIC PEATICAHUS.

MenmunyHa pa3BUBAcTCs B CTOPOHY BCE OOJIbIIEH MUHHATIOPU3AaNMH (KaK
OHOT0 M3 HANpaBJIeHWH 3koOHOMMH). Bo Bpems Xupyprudyeckux omnepauuit
KOHTaKT MAHHMHU3UPYETCS TOJIBKO O HEOOXOANMOro clios KieTok. Hampumep,
IJIa3HBIE ONIEPaLliy C UCIOIb30BAHUEM JIa3epa HallpaBJIeHbl Ha yAaJCHUE TKaHU
TOJNIIUHOW B HECKOJIBKO MUKpOH. Ilocnme Takux omnepanuil MpakTU4ECKU HE
TpeOyeTcs: peaOuIUTAIHH.

HckyccTBeHHbIE aHTHUTEJAa U POCT BO3MOKHOCTEH HCHOJIB30BaHHUS
UMMYHHOI cucTemMbl. EnHOTO JlekapcTBa OT Beex OoJie3Hel Hukorna He Oy-
net. Ho oHO m3 yHHMBepCaJIbHBIX HAlpaBICHUI, KOTOPOE MOXET NEepeIOMHUTh
ncxoj; 60psObI CO MHOTHMH 3200JIEBaHUSIMHU, — YKpEIJIeHHe IMMYHHOI cHCTe-
MBI YesloBeKa. B opranmnsMe cymiecTByeT CreluaibHbIi HHCTPYMEHT HMMYHH-
TeTa — aHTHUTENA.

AHTHTENIa — MOJICKYIIBI, KOTOPBIE CHHTE3UPYIOTCS U1 OOpBOBI ¢ ompee-
JICHHBIMH KJICTKAMH YY>KEpOJHBIX OPTaHM3MOB — aHTHreHamu. OOBIYHO TIO-
BPEXXICHHUE AaHTUIEHAa BeJeT K T'MOeNH 4yXXepoJHOro OpraHu3Ma, a 3HAa4uT,
K BBI3JIOPOBIICHHIO. J[Is Ka)XIO0ro aHTUTEHA CHUHTE3HPYETCS OINpeleeHHOe
cneuupuIHOe aHTUTENO. AHTHTENA BHIPA0ATHIBAIOTCS CIIEUAIbHBIMU UMMYH-
HBIMH KIIETKaMH — JIMM(OIUTAMHU, HAKATUTMBAIOTCS U XPAHATCS B TCUCHUE BCei
KM3HA. TakuMm o0pa3oM, y KaXIOTro 4YeloBeKa o0pasyeTcss WHAMBHIAYyaJbHAs
CHCTEMa 3allIUTHI, OCHOBaHHAS Ha €r0 «MCTOPUHU OONe3HeH». DTO OJJHO U3 BaXK-
HEeWIINX HalpaBJICHUH pa3BUTHS HHANBUIYATIH3alMu. MeaniyHa Bceraa cBsi-
3aHa C JIMYHOCTBIO OosbHOTO. ONHAKO B TeUeHHWE OCHOBHOHM wactm XX B.
HaOJoacs HEKOTOPBI KpeH MMEHHO B CTOPOHY MacCOBOM MEAWIMHBI (CBsI-
3aHHBIM C MAacCOBOW BaKIMHALMEH, MPOPHUIAKTHIECKUMU OCMOTPaMH | T. II.).
B coBpemeHHyIO 310Xy HaOJIOJAIOTCS HEKOTOpBIE NPHU3HAKU JIBIDKEHHS OT
MaccoBOI MEIUIUHBI K WHIUBHIYAILHOH (B YaCTHOCTH, B KOCMETHYECKOH Me-
TUITMHE), 9TO CBS3aHO C OOMIeH TEeHIEHIMEH KHOSPHETHUECKOH PEBOJIONUN
K nHAuBHAyann3anuu. Ho B eme Oonbluel CTENCHN MHAWBHIAYyaJIU3anus Ipo-
SIBUTCS TIPH ONOPE HENOCPEICTBEHHO Ha yHUKAJIbHBIE XapaKTEPHCTHKH Opra-
HHU3Ma, OZHOW M3 KOTOPBIX SIBISIETCS MMMYHHTET. VMICKyCCTBEHHBIC aHTHTENa
MOTYT yCWJINTD HANIPaBICHHOCTh HA MHANBHUAYAIH3ALUIO MEANIMHBL.
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YdeHble HEOJHOKPATHO MBITANCEH MOTYYUTh aHTHTENA UCKYyCCTBEHHO. Mc-
MTOJIF30BATIICH Pa3IMIHBIE CIIOCOOBI, HanOoIee PaclpoCTpaHEHHBIM OBLIO BEI-
JIeTICHUE aHTHUTEN U3 KPOBH JKMBOTHBIX, OJIHAKO CTENEHb MX OYUCTKH OCTaBa-
nmack HU3KOH. B 1970 r. Le3aps Mumbmreitn u ['eopr Kénep mamum meron
MOJTyYEHHsI aHTUTENT OJHOTO THUIA — MOHOKJIOHAIBHBIX. 3@ CBOE OTKPBITHE
B 1984 r. onn ynocromnucy HobeneBckoit npemun. [lyrem BBeneHHs aHTHTeE-
HOB B OPTaHM3M MBIIIN W BBIICICHNS aHTHTENA U3 €€ CEJIE3CHKN YUCHBIM yaa-
JIOCh TIONyYHUTh OTAENBHO BBIJCIICHHBIC AHTHUTENA, KOTOPHIE KIOHHPOBAJNCH,
00pasyss MHOTOYHCJICHHbIE KOMMU caMux ceOs. OJHAKO Takue KIETKH KN
OUYEeHb HEJNOJIr0, ¥ TOJBKO Oylarojapsi MX TMOPHIM3ALUK C KIETKaMH PaKOBOW
OITyXOJIX YAAJIOCh MOJIYYUTh JONTOXXUBYIIHNE CAMOKIOHHPYIOIIUECS aHTHTENa —
rubpuioMel. B HacTosiiiee BpeMsi akTHBHO HCCIIEAYETCS UX MONIyYeHUE APYTH-
mu crocobamu (Schirhagl et al. 2012), a taxke co3maHKe XeMOPEHENTOPOB
(Dickert et al. 2001). Auturena yxe UIMPOKO UCIIONB3YIOTCS B TecTaX Ha Oepe-
MEHHOCTb, B TUaArHOCTUKE MHOTHX 3a00JIeBaHUil, B 1a0OPATOPHBIX ONBITAX.

Mpui npeononacaem, umo 8 xode 3aseputaroujeti Gasvi KUOEpHeMuUYecKou
pesonoyuy yoacmces 00OUMbCsl 3AMEMHbIX YCNeX08 8 CO30aHUU UCKYCCMBEH-
HbIX GHMUmMen U ux npudicusiienus 6 opeanusme. besycioBHo, ycriex B co31aHUN
HCKYCCTBEHHBIX aHTUTEJ MPUBENET K MPOPBIBY B MeAuIMHE. X NepcreKTUBbI
OTPOMHBI — B NIPO(HIAKTUKE W JICYCHUH MHOTUX TSDKEIBIX OOJIe3HeH, npenoT-
BpAIIEHNH OTTOPXKEHUs MepecakeHHbIX OPraHOB M Ap. JTO IMO3BOJMT CAEIATh
Iporiecc MpoTeKaHus 3aboneBaHus Oosiee yImpaBisieMbIM, ITOJaBUTh U IO BO3-
MOYKHOCTH YCTPaHUTbH 3aboneBanue. [IpoaBrkeHNe B CO3aHUU M NPHKHBIIE-
HHUM UCKYCCTBEHHBIX aHTHUTEI OyIeT 03HAYaTh 3HAYMTEIBHBIN POCT 803MOJICHO-
cmetl ynpasnaemMo 6IuUAmMs HA npedicoe HedOCmynHvle KOHMPOIUPYeMoMy éme-
WamenbCmey npoyeccoi.

YupapieHue 3anporpaMMHPOBAHHOMN TH0EIBI0 KIETOK (Anonmo3om) —
OJIMH M3 NEPCIEKTHBHBIX CIIOCOO0B MOOEANTH CIIOXKHBIE 3a00JIeBaHHS, B TOM
yycae pak. MccnenoBaHus B 3TOM HampaBlieHUH BenyTed emie ¢ 60-x rr. XX B.
OHH NoKa3aiu, 4TO 4acTo rMOesb HEKOTOPBIX KIETOK OCYIIECTBISIETCSI B CTPO-
TOM COOTBETCTBUH C IMpEJAHAYEPTAHHBIM IIAHOM. TakK, y MHUKPOCKOIHNYECKOTO
YepBs HEMATOJbl SMOPHOH Mepes poKAeHueM u3 sifna cocrout u3 1090 kie-
TOK, HO 3aT€M 4YacTh M3 HUX MOrHOAET, OCTaBIIsAs B3POCIbIH OPraHU3M POBHO
¢ 959 knerkamu (Raff 1998; Ridley 1996; Puniu 2011). Mexauusm anonmosa
CBsi3aH ¢ pabOTON CUIHAILHBIX MOJIEKYJI U CIIEIHAIbHBIX PELENTOPOB, KOTOPbIE
NIPUHUMAIOT CUTHAJI, 3aIyCKaloT IPoIecchl MOP(OIOrHIECKUX U OMOXUMUYe-
CKMX U3MEHEHUI 1 B UTOTE BEIyT K THOEIH KIETKH.

OOpereHne BO3MOXHOCTH JaBaTh KJIETKaM, IPOBOLUPYIOUIMM 3a0ojeBa-
HUSI, KOMaHJy O CAaMOYHHUYTOXXEHHH CIIOCOOHO czienaTh O0phOy ¢ 3a00ieBaHu-
em ynpasisieMold. Kpome Toro, 3To obecniednBaeT OBICTPOE BBI3AOPOBIICHHUE
0e3 JUIMTENBHOTrO dTana peadMINTalnuy, He0OOXOJMMOTO 10Cie OIEePalMOHHOTO
BMEIIATENIBCTBA, XUMHOTEPAIINN WM 00IydeHHs (3TO MpUMep 3KOHOMUH JHEP-
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THH, CHJI U BpeMeHH 00JbpHOTO B OymymieM). Taxke M HA000OpOT, OTKIIIOYCHHE
MEXaHH3Ma CaMOYHHYTOXKEHHS KJIETOK MOMOXKET CIIACTH OPTaHU3M OT HEKOTO-
PBIX 3a00JIeBaHHHN 1, BO3MOXHO, YIIPABIIATH IPOLECCOM CTapESHHUSL.

Msl mpenmonaraeM, 4To B XOJe 3aBepliaromiedl ¢aspl KuOepHeTHUecKoit
PEBOJIIOIMY MEAMIMHA CyMEeT IPOJBHHYTHCS B 5TOM HAlpaBJICHUH, a Ha 3pe-
JIBIX 3Tarax Hay4YHO-KHOEPHETHYECKOro NPUHIIUIIA TPOU3BOACTBA — KOHTPOJIU-
poBath ero. Kak u B ciiy4ae ¢ HCKyCCTBEHHBIMU aHTUTEIAMH, 3TO COOTBETCTBY-
€T XapaKTEepPUCTHKaM IPOJBIKCHUS B OOJIACTh CO3JaHUSl CaMOYIPaBIISEMBIX
CHCTEM: BO3JCHUCTBUIO Ha MX KIIOYEBBIC DIEMEHTHI U BHIOOPY ONTHMAJIBHBIX
PEKHUMOB B paMKaX KOHKPETHBIX LieJIeH 1 3a/1a4 | JIp.

HenpepbIBHBI/i MOHUTOPHMHT 310POBbSI KAK caMOyNpaBJ/isieMas cynep-
cucrema. Eme ofHO NepcrieKTUBHOE HANpaBJICHHE MEAULMHBI U OJHOBPEMEH-
HO XOPOIIUH pUMep CaMOYIPABIIEMbIX CHCTEM U Pa3BUTHS MHIMBUIyaH3a-
UK — OMOCEHCOPBI. DTO AJIEKTPOHHBIE PETHCTPUPYIOLINE YCTPOICTBa, B KOTO-
PBIX HCIONB3YyeTCs Oroornieckuil Matepuan (pepMeHThI, KIICTKH, aHTUTEIIA).
Buocencopsl ciocOOHBI TPaHCHOPMHUPOBATH OUOIOTUUECKYIO SHEPTHUIO B AJIEK-
TPUIECKYIO. OHH aKTUBHO MPUMEHAIOTCA CCTOAHA B MCIAUIMHE U CaMbIX pas3-
JIMYHBIX aHAJIHM30B: COJEPIKAHUS METa0OJIMTOB, TOPMOHOB U T. JI. YK€ HCIIOJb-
3yIOTCSl OMOCEHCOPBI, TTO3BOJISIONINE KOHTPOJIMPOBATH W3MEHEHHs OpraHu3Ma
BO BpeMs onepanuil. beiToBoi nmpuMep OnoceHcopa — TIIOKOMETp, IPUO0p IS
W3MEpEHHs] YPOBHS TIIIIOKO3bl B KPOBH. BHOCEHCOPHI Tarke HPUMEHSIOTCS
IUIsL M3MepeHus pu3nveckoil Harpy3ku. OHH HCHOJIB3YIOTCS B NMPOU3BOJICTBE
JUIsL A3MEPEHHH pa3iIMYHBIX aPaMETPOB: COCTABOB cMeceid, 00HAPYKEHUs TOK-
CHHOB, SIOBHTBIX Ia30B U 1p. Pa3zpabareiBaroTcss OHOCEHCOPHI H HAHOPOOOTHI,
KOTOpBbIE, HAaIIpUMep, CIIOCOOHBI OTCIICKUBATH PACIPOCTPAHEHHE BUPYCa B KPO-
BU B ommaitH-pexxume (Cavalcanti et al. 2008). HecnoxxHo mpeacTaBuTh, 4TO
B Oyaymiem OMOCEHCOPBI MOTYT CTaTh HEOTHEMIIEMON MPUHAIIE)KHOCTHIO HKHU3-
HH 4YCJIOBCKA, BBIITOJIHAA q)yHKI_[I/IIO TOCTOAHHOI'O CKaHUPOBAHUA COCTOSAHUA OP-
TaHW3Ma WJIN OTACJIIBHBIX OPraHOB U AAXXE nEp€aaBasi uX B MEAUIHUHCKUE CH-
TPBI IPU BO3HWKHOBEHUHU TOTEHIIMAIBHBIX yIpo3 JHOO PE3KOM yXyALUICHUH
CaMO4YyBCTBHUA. BCTpOGHHBIe CCHCOPBI MO3BOJAT KOHTPOJHUPOBATH XOJ BCEX
KM3HEHHO BA)KHBIX IPOIECCOB, ITOJICKA3bIBATh BPEMS NPHEMa M JO3UPOBKY
HEOOXOUMBIX JIEKapCTB, BpeMs 3aHATHH (QU3KYJIbTYPOil M HE00XO0ANMYIO
HATPY3KY C YIETOM PA3IHUIHBIX 0OCTOATENLCTB, ONPEIETICHHYIO UETY U T. I.°
Jnist criopTCMEHOB OHOCEHCOPHI yXKE€ CErOAHs SIBIAIOTCS WHCTPYMEHTaMH
KOHTPOJISI CBOMX (M3MOJIOTMYECKHX IIOKa3aTeNeil Uil TOYHOro pacdera
Harpy3ku, M, BEpOSITHO, MX BO3MOXKHOCTH elle Oosiee BozpactyT. Bo Bpems
ornepanuii GHOceHCOpPH! OYAYT KOHTPOJIMPOBATH U3MEHEHHE HY)KHBIX IIPOLEC-

8 K 9TOMY HY>XHO J100aBUTH JaHHBIC O BCEBO3MOXKHBIX TPUPOAHBIX SBJICHUAX, KOTOPBIC TaKKE I10-
PpasHOMY BJIMAIOT HA Pa3JIMIHBIX e (aTMOCCI)CpHOC JIaBJICHUC, MAarHUTHBIC, COJTHCYHBIC 6ypI/I
uT. H.). C 01'[0p017[ Ha HUX MOT'yT OBITH CO3JaHbl NIPOrpaMMbl OIITUMAJIBHOI'O ITOBEACHUA Jroen
JUIA KOHKPETHOI'O IHSA WU B TECUCHUE [JUTUTCIIBHOI'O BPEMEHU U JaXKE BCEH JKU3HH.
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COB W TOJACKA3bIBaTh Bpady XOJ e MPOBEICHHs. PeallbHOCThIO CTaHYT IIpo-
IrpaMMbl C MHIUBUAYAIbHBIMH PEKOMEHIAIMSIMH KOHKPETHBIM JIOASIM, IPHU
9TOM CHCTEMBI CMOTYT OTCJEXHBATh CYLIECTBEHHbIE OTKJIOHEHHUS B IMOKa3a-
TeJsX

U JaBaTh PCKOMCHIAIMU OTHOCHUTEIBHO 00pa3a JKU3HU Ha KOPOTKHUM MEepHo/I
U JUIUTENIbHYIO NEPCIIEKTUBY.

Xoporo 3to win mwioxo? EcrecTBeHHO, cBOOOAA BOJIM JIFO/ICH OyaeT orpa-
HUYCHA, TeM 0O0Jice YTO COMPOTHBIATHCS MAIIMHE MHOT/AA CIOKHEE, YeM BOJIC
yenoBeka. OTHOBpEMEHHO c(HOPMHUPYIOTCS OIpeAeTICHHbIE UMIICPAaTUBH B OT-
HOIIICHUU 310pOBbs. [10 CyTH, y Kaxmoro OyaeT CBOs 3JICKTPOHHAs HSIHbKA
(momoOHO TOMY, KaK y JAETCH APCBHErPEUYCCKHUX 3a)KMTOUHBIX T'PaKIaH ObLI
pab-nemaror, a y mereil ABOPSH-3eMJICBIIANICNBIEB — BOCIATATENh U3 UHCIA
ciyr). Bripouem, 3To0 MOXkeT ObITh 0COOCHHO Ba)XKHO JUIsi HAOMIOJCHUS 32 Ma-
JICHBKUMH JOCTbMHU H 6OJ'II)HI>IMI/I, KOTOPBIC HaXOIATCA JoMa. Ecmm 9TOMY
MO3Ke NOOABSTCS €IIe W IBUTAIOIINECS POOOTHI, TO KOM(MOPTHOCT JKU3HH JIIO-
Jei CYIIeCTBEHHO BO3pacTeT (HO B TO XK€ BPeMs YMEHBIIUTCA MX CaMOCTOS-
TEIHHOCTB).

COOTBETCTBEHHO TaKHe MHUHH-CHCTEMBI MOTYT OBITh OOBEIMHEHBI B KPYTI-
HYI0 CHCTEMY, BKIIOUAIOIIYI0 HAOMIOACHNE 32 OONBIINM KOJINYECTBOM JIFOJEH,
HampuMep B JeUeOHOM YUPEXICHHUH, CAaHATOPHUU, TOCTUHUIIE U T. . MBI yxke
TOBOPHWIIN O COKPAIIEHHH CTAaI[MOHAPHOTO JICYEHNUS, 2 BO3MOXKHOCTH MOJ0OHOTO
MOHHUTOPHHTA M JIEHCTBUSA M0 YAAJCHHOMY AOCTYIY B peKUMe OHJIAiH c1oco0-
HBI CYILIECTBEHHO Pa3rpy3uTh OOJbHUIIBL. HeTpynHO NMpeacTaBuTh, YTO TAKOTO
poia cucTeMBbl CMOTYT OOHAapy>KMBaTh MOTEHIIMAILHO OMNACHBIE CIy4yau U
OBICTPO pearnupoBaTh Ha KPUTHUYECKHE CUTYAIH. JTO XOPOIIHH TpUMep Ipo-
THOCTHKH ¥ MIPOTECIEBTUKH MpoOieM. MBI mmojlaraem, 4To A0 CO3IaHus IM0I00-
HBIX CHCTEM IIPOUIET elle JOCTaTOYHO BpeMeHHU. K ToMy e Ha ITyTH K TaKOMY
MOHHUTOPHHTY CTOSIT CIIOKHBIC dTHYCCKHE U MPaBOBBIC MPOOIEMBI, MTOCKOIBKY
BCErJia CYIIECTBYET OMACHOCTh, 4TO HaOmromaromuil «bospmioir 6paty» craHer
HCTOJIB30BaTh IMOJIYUYCHHBIC TAHHEIC JUI1 COOCTBEHHBIX LIEIICH.

IIpopsiBBI B ynpaBJ/ieHHH YeJOBeYeCKMM OpraHu3dmMom. OpraHo3zame-
IIeHHe: HA MYTH K OMOTeXHUYECKUM CHCTeMaM BbICIIEro YpoBHsl. BaxHoe
HalnpaBJICHHUE MEJIUIIMHBI CBSI3aHO C pEereHepaluedl U Iepecajkoll OpraHoB
1 9acTel 4eJIoBeYecKoro Tena. B HacTosmmee BpeMs yxKe MPOBOIATCS OIepaIiy
[0 TIepecagKe CepAla, JIETKHX, I€YCHH, IOPKETYZOYHON >KEeNe3bl, MOYKH
u 7. 1.° OHAKO YeoBeYeCKHe JIOHOPCKHUE OpraHbl — OUY€Hb PEIKUN MaTepuall,
€ro pacrmpocTpaHeHHe 0e3 CIeIHalbHBIX COTIACOBAHUN BO BCEM MHpE TOJJIe-
JKHUT YrOJIOBHOMY TIpECIiCIOBaHMIO. PemieHue mpoOiieMbl HEAOCTaTKa OPraHoOB
OCYLIECTBJICTCS IO IBYM OCHOBHBIM HANpPaBIICHUSIM:

® EcTh Jaxe NpeacTapisiolyecs (aHTaCTHICCKMMH TIAHBI TI0 MEPEcaIKe YeTOBEYECKO TOOBBI
Ha HoBoe Teno (cM.: I'punak 2003), coBceM kak B moBecTd Asiekcanapa bernsiea.
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1. Vcnonp30BaHMe 9acTH JOHOPCKOTO OpraHa M BRIPAIIUBAHHE HOBOTO OP-
raHa Ha OCHOBE HCIOJIH30BAHMUS CTBOJIOBBIX KIIETOK.

2. B03MOXXHOCTH NIepecajKyi OPraHOB KPYIHBIX dKUBOTHBIX.

Kpowme Toro, mpomomkaercs pa3padoTka pa3IMIHBIX OPraHO3aMEIIAFOIIIX
HMHXXEHEPHBIX KOHCTPYKIUH (cepale, MoYKy U T. A.). He uckimodeHo gaxe co-
YeTaHHE TEPEUHCICHHBIX BO3MOXHOCTEH. YKe €CTh BO3MOXKHOCTb MCKYC-
CTBCHHOTO BBIPAIIMBAHUS TKaHEW. Y MOCTPagaBIIUX OOJBHBIX OEpPyT MOBpE-
JKICHHbIE KJIETKU KOXH WIH Xpsllied U KyJbTUBUPYIOT ux. [lomyuus nocratod-
HOE KOJMYECTBO KIETOK, X UMIUIAHTHPYIOT B pa3paboTaHHBIC MaTepHalbl Ha
OCHOBE TOJTUCAXapUAOB M CHCIHATBHBIX IOIJIOKEK, KOTOPBIEC YIPABISIIOT UX
poctoM. B 3THX CTpyKTypax KIETKH pa3pacTaloTcs KaK B €CTECTBEHHOH cpefe.
[ToTeHmman >TOH TEXHOJOTUH — CO3JaHKE KIIETOYHOHN Tepaluy U IMyTh K pere-
Hepaluy TKaHEH.

MOoO>KHO TIPOTHO3HUPOBATh, YTO MPOPHIBOM B 00JACTH pETCHEpAINU U TIepe-
CaJIKi OpraHOB M TKaHEW CTaHET HaXOXKIEHUE BO3MOKHOCTH «OOMaHYTh» Me-
XaHU3M HMMYHHOTO TIOJIaBJICHUS UY>KEPOJHBIX KJIETOK (CM. BbIlie). B aTom
HATPABJICHUU YXKE HIYT Pa0OThL. 311eCh OMSATh HAOIIOAACTCS BO3MOXKHOCTH
yIpaBieHUs MPOIIECCaMU MyTEM BO3JIEHCTBUS Ha KITIOUEBBIE DJIEMEHTHI, B JIaH-
HOM CJlydae BBIKJIOYAs CIIMIIKOM OJUTEIbHBIC CUCTEMbI MMMYHHOW 3all[MThI
(TomoOHO TOMY, KaK OTKJI0YaeTcsi O0JIEBOM CHHIPOM IIPH OIeparuu). BaxxHbIM
CTaJI0 OTKPBITHE SIMOHCKUX YYCHBIX, KOTOPBIC CMOTIIH HAWTH CcIIocod mepernpo-
rpaMMUpoBaHus QYHKIHIA KIeToK. Hampumep, KIETKH KOXKH IEeperporpaMMu-
pOBaJH U 3aMEHIIIN UMH OOJbHBIC KJIETKHU TNa3a. Takue KIeTKH He OTTOPraroT-
Cs1, BCIICACTBUE Yero JaHHOE HAPABJICHUE SBIACTCS UCKITIOYUTEIBHO TIePCIICK-
tuBHBIM (Koctrna 2013).

Ioiiner 1u pa3BuTHE B HANpaBJeHUH KUOopruzaunu? BrieckazanHoe
00 MCKYCCTBEHHBIX OpraHax M TKaHAX O0CCICYHT MPOPHIB B O0JIACTH KaK HC-
KYCCTBEHHOTO CO3/IaHUs MAaTE€pPHANIOB, KOTOPBIE JI0 3TOT0 MOTJIa CO37aBaTh
TOJBKO TIPUPOA™, TAK W MPOM3BOJACTBA COBEPIICHHO HOBBIX MATEPUAIIOB, 9TO
pacMpuT BHEAPEHHE B YEIOBEYECKHI OpTraHWU3M HEOHMOJIOTHMUECKHUX SJIEeMEH-
ToB. Takum 00pa3om, MbI IBUHEMCS TI0 TIYTH Pa3BUTHS CaMOYITPABISIEMBIX CH-
CTeM HOBOTO THIIA, KOTOpPHIE OYAyT UMETh B Ka4eCTBE COCTABHBIX 4YacTel dJe-
MEHTHI pa3HOU IPUPOJBI: OMOJIOTHIECKON H TEXHUYECKOH.

OmHaKo HAJO OTHABaTh ceOe SCHBIA OTYET, YTO 3TO (PAaKTUYECKH O3HAYACT
HE TOJBKO CO3/IaHHE HOBOTO HAIIPABJICHHUS B MEIWIIMHE, HO U MPSIMOE JIBUXKE-
HUE B HANpaBJICHUH KUOOPTU3alMU YeI0BeKa M CO3/IaHUEe TPAHCKUOEpPHETH-
YECKHX CHCTEM (TO €CTh CHCTEM, OPTaHMYHO COBMEIIAMOIINX B cede XapakTe-
PUCTHKH 3JIEMEHTOB pa3HOM Mpuposl). EcTecTBEHHO, YTO 3TO BBI3BIBAET OMpeE-

10 DT0 MOXXHO paccMmaTpuBaTh Kak OAHO U3 HaHpaBHeHI/Iﬁ B obyiacTi CO31aHHsA UCKYCCTBEHHBIX Ma-
TE€pUAIOB, HE MEHEE, a CKOpeEe 6osee BaXXHOC, YCM CO3TaHHC I/ICKyCCTBeHHOﬁ TTHIIHA. Bnpoqu,
€CJIN yAACTCA MPOMIUTH Y€IOBEUCCKYIO JKU3HDb 3a CUECT Pa3IMIHBIX CHOCO6OB, TO CTOHUT 1103a00-
THUTBCSA U O TOM, YEM YCIIOBEK 6}/2[6’1' IUTaAThCA.
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JEeNeHHYI0 U 000CHOBaHHYIO TpeBory. C Ipyroll CTOPOHBI, pacIIMpeHHe BO3-
MOJKHOCTH HE TIPOCTO JIOJITOM, HO aKTUBHOW KU3HH BPAJ JIH OCYIIECTBUMO 0e3
3HAYUTEIHHOM MOMOIIU OCTa0CBIINM B PE3yJIbTaTe CTAPOCTH U JAPYTUX MPUIHH
OpraHaM YyBCTB U 9acTSAM Tella. B KOHIIE KOHIIOB, OUKH UM KOHTAKTHBIC JIFH-
3bI, UCKYCCTBEHHBIE 3yOBI, IUIOMOBI M KOCTH, CIyXOBBIE aIllapaTbl, UCKYyC-
CTBCHHBIC KPOBCHOCHBIC COCY/IBI, CEP/ICUHBIC KIIAMMAHBI U T. I1. TIO3BOJISIOT KHUTh
1 paboTaTh COTHAM MUJUTHOHOB JIFOICH, KOTOPBIE OT ATOTO HE IEPECTaroT OBITh
mogpMu. To JKe caMoe CIIpaBeUIMBO W B OTHOIICHUH 0oJiee CI0KHBIX CHCTEM
u QyHkiwid. OJHAKO MBI TIOJIaraeM, YTO BCAKOTO POJA UIACH OTHOCHTEIBHO TO-
ro, YTO KOTJAa-HUOY/Ib YEIOBEUYECKOE TeN0 OyAET MOJHOCTHIO 3aMEHEHO HEeOno-
JIOTHYECKUM MaTepHajoM, a OT YEIIOBEKa OCTAHETCS TOIBKO MO3T WM MOIAeP-
)KMBAIOIIME CO3HAHHME OPTaHbl, SBISIOTCSA (aHTa3MsAMH 4UCTOM Boabl. U oHum
HUKOTJa HC UCIOJIHATCS HpI/I J'IIO6OM paSBI/ITI/II/I TCXHUKU (CM. 0 HeKOTOpLIX Ta-
kux (anTazmax: Peibankwnaa 2005: 333 u gp.). Jlronu, mpeasararoniyue Takue
pEIleH s, TO €CTh 3aMEHY SKOOBI MEHEE JOJTOBCYHOrO U YJO0OHOro OMOJIOrHU-
YecKoro MaTepuaja Cyry0o TeXHHYeCKHMH pelIeHUsIMHU (BpPOJe TeX, YTOOH! 3a-
MEHHUTH KPOBSHBIC TENbIa TPIIDIMOHAMHA HAHOPOOOTOB U T. I1.), B CBOUX IIPO-
THO3aX TBITAIOTCA HCIIONB30BATh YCTAPEBIIYIO JIOTHKY, KOTOpas B KauecTBE
Hay4yHOU (paHTACTUKH WM «CTPAIIMIKW» ObUTa B XOAY HECKOJIBKO JECSTKOB
JIET TOMY Ha3aJ: 3aMeHbl OMOJIOTHYECKUX OPTaHU3MOB TexHHMUecKuMu. CoBpe-
MEHHAs JIOTUKA HAyYHO-TEXHIMUYECKOTO MPOrpecca, B TOM YHUCIIe HOBEWIHE J10-
CTIDKEHHsI OMOWH)KCHEPUH, TOKA3hIBACT JABIDKCHHE UMEHHO K CHHTE3y OHOJIO-
THYECKUX (POPM U TEXHHUESCKUX PEIICHUH B AMHOM cucteMe. Bpsin min nmeercs
HaI00HOCTH 3aMEHATh OHMOJIOTUYECKHE MEXAHW3MBI, MPOIICANINE HCIBITAaHHS
OT60p0M B TCUCHHWC MHOTHX MHIIJIMOHOB JICT, TCXHUYCCKHMH peHIeHI/I)IMI/I.
A HYXHO JBUTaThCs MO IMYTH «PEMOHTay», YIIyUIIEHHUS, PA3BUTHS CaAMOYIIPaB-
JISEMOCTH M IIOMOIIY OHOJIOTHYECKUM MEXaHM3MaM 3a CUET TE€X MJIH UHBIX T€X-
HUYECKUX PEIICHUN.

UYenoBeueckuil MO3I OYEHb TECHO CBA3aH C TEJIOM U OpraHaMHu 4yBCTB,
OONBIIMHCTBO €r0 (PYHKIMI OCHOBAaHBI HA YIIPABICHUH TEJIOM, YTO HE IPeaIo-
JlaraeT ero IOJIHOIICHHOW paOoThl BHE OMOJOTHYEeCcKOi OCHOBBI. CIOCOOHOCTH
HayKI/I U MECIUIMUHBI K 3aMCHC HN3HOIICHHBIX OpFaHOB 6y21€T TIOBBIIIATHCA, HO
Ouosioruueckass OCHOBa 4eJloBeKa Bcerna OyaeT M JoihkHa npeodnanats. Ecim
MOJXKHO ITOMOTaTh OPTaHU3MY Pa3IHYHBIMH CIIOCOOAMH, B TOM YHUCIIC aKTHBU-
3UPYsl €r0 UMMYHHYIO CHCTEMY, T€HETHUYCCKUE BO3MOXHOCTH, OJOKUPYS WIH
3aMeIsis MPOIecC CTAPEHUs | T. II., TOPA3I0 NPaBWIIBHEE COXPAHATh ero OHo-
JIOTHYECKY0 OCHOBY. Kak ObI TaM HH OBUIO, B OJMIDKAWIINE JECSITUICTUS B TIPO-
1ecce KuOOPru3auu BO3MOXKHBI IOBOJIBHO PaJMKalbHBIC IPOPHIBBI, HO BCE KE
OH HE 3aiJIeT Ype3MEPHO AATEKO.

B Hacrosimee BpeMs y)Ke CO3[aHbl YCTaHOBKH, ITO3BOJISIONINE Mapain3o-
BAaHHBIM OOJILHBIM TOBOPHUTH, ITUCATh M Jake pabOTaTh C KOMITLIOTEPOM, Kak,
HampuMep, NenaeT W3BecTHhIM ydeHblii CtmBeH XokuHT. Helipoxupypru us
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[lencunsBanckoro yamBepcurera (University of Pittsburgh School of
Medicine) coBepIImiIn HaCTOSIIEE YyAO Oarogaps 4nmy, BHEAPEHHOMY MU B
Mo3r manueHTa Tuma XeMMeca. DTOT MOJIOJION YENIOBEK, MOTEPSBIINI B aBa-
PHH PYKY, MOXKET Teleph yNpaBisTh OHOHMYECKUM MPOTE30M C ITOMOIIBIO CH-
el MbIciU. [IpoTe3 CHaOXKeH crenHanbHBIM KOMIBIOTEPOM, IEPEBOSIINM
HEWpOHHBIE HMITYJIBCHl M3 TOJOBHOTO MoO3ra B 3ajnaHHoe neilictBue (Moss,
Cumbo 2012). Muposeie CMU akTHBHO 00CYXIadl HOBOCTb O Iepecamke
AJIEKTPOHHOTO MPOTE3a UTAJBbSHCKHUMHU M IIBEJICKHUMHU XUPYpramu 22-JIeTHEMY
6apabanmuKky PoOnHy DKeHIITaMy, IOTEPSBIIEMY PYKY B pe3yiIbTaTe JICUCHHUS
OHKOJIOTHYIECKOTO 3a00JICBaHUSL.

PazBuTHe mpeT HE TOMBKO IO IIYTH BHEIPEHHS 3JIEKTPOHHBIX CHCTEM
B OMOJIOTHYECKUE, HO M YCOBEPIICHCTBOBAHNS MEXaHWYECKUX MPOTE30B, a TaK-
e MHKPOIIPOTE30B.

Hanpumep, onpeneneHHbIM NEpEeBOPOTOM B MEIUIMHE CTala pa3paboTka
yuenbiMu CtaHdopackoro yHusepcureta (CLLA) nckyccTBEeHHOWH POTOBHUIIBI
rnaza. CTonp KpymHOE JOCTHKEHHE CTAO0 BO3MOXXHBIM OJlaronapsi COBMeECT-
HBIM HCCJIICAOBAHUAIM B O6J'IaCTI/I XHUMHUH, HAHOTCXHOJIOTHH, OMOJIOTHM U Me-
JUIUHBI (UTO XapaKTepHO JUIS CJIOXKHBIX TEXHOJOTHH KHOepHeTH4ecKou pe-
BOJIIOLIUHN).

Takum 06pa3oM, eaBa I He HAHOOJBIIYIO TONb3Y U3 PA3BUTHSA MEIUITUHBI
1 KHOOPTrH3aly CMOTYT M3BJICUb JIOJU C OIPaHWYEHHBIMH BO3MOXXHOCTSIMH,
0COOCHHO MHBAJMJIbI, KOTOPBIE CMOTYT B 3HAYMTEJILHON CTENIEHH KOMIIEHCHPO-
BaTh CBOM HEJIOCTATKH.

YcoBeplieHCTBOBAHUS €CTECTBEHHBIX CIOCOOHOCTel YenoBeka. BaxxHo
OTMETUTh, YTO IIOKA BCE 3TH TEXHOJOTWH HAlpaBJCHbl HAa BOCCTaHOBIICHHE
yTpadeHHbIX (YHKUMHA YejoBeKa. JTO HE HCKIIOYaeT TOro, 4TO B OyIylieM
B JaHHOM HaIIpaBJICHUN OTKPOCTCA BO3MOXKXHOCTH MPOABUHYTHCA U B IIJIAHE
YCOBEPUMICHCTBOBAHUA €CTCCTBCHHBIX q)HSPI‘-IeCKI/IX U HHTCJUICKTYaJIbHBIX
crocoOHOCTEH CBepX OTMYIIEHHOTo mpupomoi. OJHAKO B PEaNbHOCTH 3TO
MOJKET Ipou30HTH He pasblie koHHa XXI B. Bo3MmoxHO, mponecc 31ech
MONET Tak ke, KaKk U B 00JIACTH TutacTUYeckod xupypruu. CHadama oHa
ObuTa co3aaHa Il BOCCTAHOBIIEHHUS IIOBPEXIEHHBIX TKaHEW, HO 3aTeM CTa-
Jla IeJoW MHIyCTpUell KpacoThl, ¢ IOMOIIBI0 KOTOPOH JIMIYy M TelIy Ipuia-
10T caMble pa3Hble (POPMBI.

I'enHas Tepanusi — nmepcrneKTHBHasi (popMa KOppeKIMH OpPraHm3Ma.
OT}IGHBHBIM HalpaBJICHUEM COBpeMeHHOﬁ MCAWIOWHBI BBICTYITIACT T€HHAA TEpa-
mus (TeHoTepanusl). 3HAYUTEIBHBIN BKJIAX B Pa3BHTHE T'C€HOTEPAIMH CIeNall
npoekT «['eHOM uelloBeKa», Lielib KOTOPOro — pacHn(poBKa IOCIEI0BATEb-
Hoctu JTHK uenoseka (Brown 2000). OxHako myTh OT CTPYKTYpBI TEHOMA 0
MOHMMaHHA ero (pyHKIMH OrpOMEH, M HayKa HaXOAWTCS TOJIBKO B CAMOM €T0
Havaisie. Ha uccienoBanust B 00s1acTi reHOTEpanuy BEAYIUE CTPAHBI BBIACIS-
10T COTHH MUJUIMOHOB JI0JUIAPOB.
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I'ennas Tepanms coenuHseT B ceOe MEIbIii KOMITIEKC XapaKTePHUCTHK KH-
OcpHETHYECKOH PEBONIONHH, B TOM YHCJIE PACIIUPEHHE BO3MOXKHOCTEH 6bil-
0O0pa ONMUMATILHBIX PENCUMOB 8 PAMKAX KOHKpemHblX yenel u 3aday. Vcto-
pUYECKH TeHHas Tepalusl HaIlelnBajach Ha JICYCHHE HACIIEICTBEHHBIX TEHe-
Tryeckux 3aboneBannii. OMHAKO B HACTOSIIEE BpeMs TEHHYIO TEpalHio pac-
CMaTpHUBAIOT YK€ KaK IMOTCHIHMAILHO YHHBEPCATIBHBIN MOAXOM K JICYCHHIO
IIMPOKOTO CIleKTpa 3aboiieBaHMil, HAUMHAS OT HACIEACTBCHHBIX M 3aKaHYH-
Bast HH(EKIHOHHBIMU.

PasmuaroT pemanvuyro cenomepanuio, ipu KoTopoit uyxepoanyro JTHK
BBOJSIT B 3UTOTYy (OIUIOJOTBOPEHHYIO SHUIEKIETKY) WM SMOPHOH Ha paHHEH
CTaJli¥ Pa3BUTHUS — IIPH 3TOM OXXHIACTCS, YTO BBEACHHBIN MaTepual OyIeT Iie-
penaBaThCs IO HACIIEACTBY, M COMAMUYECKYI0 2eHomepanuro, TIpA KOTOPOit Te-
HETHYCCKUI MaTepHan BBOIAT TOJIBKO B COMATHUYCCKUE (TO €CTh HEIMOJIOBHIC)
KJIICTKH, ¥ OH HE TIePEeNacTCs MOJIOBEIM.

CymmecTByeT U TPETHH MOIX0] — aKTUBAIMS COOCTBEHHBIX TCHOB OPTaHU3-
Ma C IEJIBIO MOJHOTO WIIK YaCTHYHOTO MPEOA0JICHHS NCHCTBHS MyTaHTHOT'O T'e-
Ha. HpKI/Iﬁ MpUMEP TaKOTO moaxoda — UCHOJb30BAHUEC THAPOKCUMOYCBUHBI JIsA
aKTUBAIIMU CHHTE3a reMoriioOnHa F y OONBHBIX ¢ CepIIOBHIHOKICTOYHON aHe-
MHEH 1 TaJlaCCeMHUEH.

FEHOTepaHHﬂ MOXET CTaTb NPUMEPOM HWHAWBUAYAIU3ALUU TEXHOJIOT U
U TOYCYHOTO BO3ICHCTBUS Ha Mporecchl. KakaoMy malueHTy Ha OCHOBE €ro
TCHETUYECKUX JaHHBIX OyayT moabupaTh Hamboliee MOIXOAAIICe JICYCHUE,
a TaKkXKe NPy HeoOXOIUMOCTH HCIPaBIISATh epeKTHbIe reHbl. [Ipu 3TOM BrOJIHE
BO3MOXCH 3aIlyCK HYXHBIX TI'€CHOB M OTKJ/IFOUCHHUC HCHYXHBLIX B OPraHU3ME
B3pOCIIOT0 YeioBeKa. [IpemonoKuTenpHO, TCHOTEPAHs POSBHUT ceOsT paHbIIIe
BCCIro B CHOpTHBHOﬁ MEANIUHE, MMOCKOJIbKY, BO-TICPBLIX, MOXKECT CTaTb HOBLIM
OpyAHMeM B IIOMBITKAX (apMaKOJOIrMYECKUX KOMIAHUI YHTH OT KOHTPOJIS
AQHTHJIONTMHTOBBIX KOMHUTETOB, a BO-BTOPHIX, B OOJIBIIIOM CIIOPTE BPOIKICHHBIX
TCHETUYCCKUX JTAaHHBIX CTAHOBUTCS YXE HEJOCTATOYHO IS PEKOPIHOTO pe-
3yJIbTAaTa.

Taxxe BO3MOXKHO HCIIOJIB30BaHHE TCHOTEpPAIMH IPH BEIOOpE 0COOEHHO-
crelt Oymymiero pebeHka (I[BeTa €ro rias3, Ko U T. 1.). B Oymymem He uc-
KITIOYEHO JTaKe MOSBICHUE «MJIaieHIa Ha 3aka3)» (Pykysama 2004). To ects ka-
yecTBa pedeHKa OyIyT MOAOUPATHCS POAUTEISIMU €IIIe JI0 €T0 poXxaeHus. me-
€TCA B BUAY, YTO TCHETHKH, BO3MOXHO, BCC-TaKH HaﬁllyT «T'CHbD» TaKuXx
CBOMCTB, Kak 0JaropoJICTBO, arpeCCUBHOCTh MJIM CAMOOIICHKA U JaKe YPOBEHb
HWHTEJUIEKTa, U C MOMOIIBIO 3TOr0 3HAHUS CO3MAAYT «YJIyUIICHHBIN» BapHaHT
TOro K¢ peOcHKa. B 4eM-To Takoe reHeTH4ecKoe yiydlleHHe OyJeT HAIOMU-
HATh BApPHUAHT YJIYYIICHUS JHUNA WX QUTYPHI IYyTEM IUIACTHYCCKOW OMCPAITHH.
WupIMU c10BaMU, HEBO3MOXKHO OYAET CICNaTh U3 JIFOOOr0 peOCHKA TeHUsS WA
YEMITMOHA, HO HE UCKIIFOYCHO, YTO YIYYIIUTh €ro JAHHBIC HAa ONpPEICICHHOE
KOJIMYECTBO MPOIICHTOB CTAHET BO3MOXKHBIM. AHAJIOTUYHO TOMY, KaK BO3MOX-
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HO CEeTOJHS IMyTeM IeIarormyecKiX TeXHOJIOTHH M Mog0opa YCIOBUH «IOATS-
HYTb» TIOCPEICTBEHHEBIC NaHHBIC (CHOPTHBHBIC, MHTEIUICKTYAIbHBIC U HHEIC).
B u3BecTHOI Mepe Takoe yiydlleHne OyAeT TakKe HallOMUHAThH TO, YTO JAeia-
€TCsl B CENIbCKOXO035HICTBEHHOW OMOTEXHOJIOTHH.

H3MeHeHne penpoIyKTHBHBIX BO3MOKHOCTEH Yel0BeKa — 0codast Bax-
Hast o0JlacTh MeAMIMHBL. Bcee Oomble cyxkaercs Kpyr He MOJIAIOIINXCS JIede-
HHUIO HEIYTOB, B Pe3yJbTaTe KOTOPBIX JIIOJM HE MOTYT UMETh aered. Tem He
MEHee JUIsl YaCTH TaKuX IalUeHTOB €IUHCTBEHHAss BO3MOXKHOCTh — HCIIOJIB30-
BaTh BapHUaHTHI HCKYCCTBEHHOTO JIOO BHEMATOYHOTO OILIOAOTBOpeHHUs. Kpome
TOTO, C Pa3BUTHEM MEIUIMHEI PACTYT JKEIaHUS UMETh JeTel MOCie MPOX0oKIe-
HUS IETOPOITHOTO Bo3pacTa. CTOWUT OTAETHHO OTMETHTH TEXHOJOTHH, HAIIPaB-
JICHHBIE Ha WMCKYCCTBCHHOE BEHIpAIlMBaHHWE IUIOAa BHe Marepu. CTaHOBUTCA
BO3MOJKHOH TpaHCIUIAHTALWs PENpPONYKTHBHBIX OpraHoB. VcciemoBaTenu pa-
00TarOT HaJl CO3JaHUEM HMCKYCCTBCHHOW MATKH, KOTOpas MOXKeET OBITh Tepeca-
JKEHa JKEHIIMHE C HapyNIEHHOH CIOCOOHOCTBIO K JCTOPOKACHHIO, JINOO JTaxe
MYXYHUHEC, 4YTO B IPUHOHUIIC MOKET KOPCHHBIM O6p330M HU3MCHUTH IIOHATHEC I10-
na (McKie 2002), co3naB HOBbIE 3THUECKHE CI0KHOCTH. B Utanuu yxe ynau-
HO MPOIIIN SKCIICPUMEHTHI C BbIpalllMBaAHUCM I/ICKyCCTBeHHOﬁ MATKu U 1epe-
CaJKOH ee MalUeHTKE.

IlepciekTHBHOE HAamMpaBjieHHEe B MeJUIMHE — 3aMeJieHHE CTapeHUs
opranu3ma. HaydHyro OCHOBY 3TOTO JOJT0 MCKalli, M HAKOHEI, OHa, BO3MOX-
HO, CTajia 0CS3a€MOi1 IOCTIe OTKPHITHS TEHETHIECKOH CTPYKTYPHI OCOOBIX Teell
KJICTOK, HEOOXOJUMBIX UISA NEICHUs, — menomep. BBISICHHIOCH, 9TO KaXIbIi
pa3 mociie KOMUPOBAHHS XPOMOCOMBI YUCIIO TeJIOMEp Ha €€ KOHIAX yMEHbINa-
eTcs. DTO OJlHA U3 MPHUYHUH, TOYeMy KJICTKH CTApEIOT M YMHUPAIOT IO JOCTHXKE-
HUM OHTaHM3MOM OIIPEEIEHHOr0 Bo3pacta. Bo3MOXHO, 10 3TOi ke IMpUYrHE
CTapeeT W Halle TEJNO, XOTS IO JaHHOMY BOIIPOCY MEXIY YYEHBIMH IIPOIOJI-
xarotcst xapkue cropsl (Slaghoom et al. 1994). 3a oTkpbITHE 3aIMTHBIX MeXa-
HH3MOB XpPOMOCOM OT KOHIIEBOIM HEIOPEIUINKAIIMK C MIOMOIBIO TEJIOMEp U Te-
nmomepasbl B 2009 . mpucyxaena HobeneBckas npemust Mo (pu3nNOIOTHN U Me-
muiHe Dnn3abet biokbepH, Kapon I'peitnep u Ixexy [locTaky.

BrionHe BEpOSITHO, YTO TE€HETHYECKUMH METOJaMH yJACTCSl 3HAUYUTEIBHO
NIPOJUINTD XKM3HB YeJoBeKa. [IMHaMUKy YBEJIMUYEHHS! CPEIHEH MPOIOIDKUTENb-
HOCTH JKU3HH MBI OTYETIIMBO BHIHMM B HACTOSIIEE BpEMsl, OHa JOCTUIJA B He-
KoTophIx crpaHax 80 u Gonee ner. U oHa, mo HameMmy MHEHHIO, OyJeT pacTu.
[IpaBaa, B MOoepHU3aMOHHON (paze KMOEpHETHUECKOH PEBONIOIMH HanOOIIb-
MM OyZIeT POCT NMPOIODKUTEIBHOCTH KH3HN B Pa3BUBAIOIIUXCS M CPEAHEPa3-
BHTHIX CTpaHax, IJi¢ OHA 3HAYUTEIHHO OTCTAET OT MPOIOIDKUTEIEHOCTH KU3HH
B Pa3BHUTHIX. B mocieqHux e Mmoka MpoABMKeHHE OyneT He 0OCOOCHHO 3HAYH-
TeIbHBIM. [IpOpBIB B 0OOJIACTH METUITMHCKUX TEXHOJOTHH TPOWU30HAECT He-
CKOJIBKO T033Ke, KaK MbI roBopwid, B 2030-2050-¢ rr. Torma, BepostHO, OyaeT
HaOJIOAAaTHCS HOBBIM PHIBOK U B IJIAHE YBEIMYCHUS TPOIOIKATEIHHOCTH KH3-
HH, IpUMepHO Ha 5—15 ner. [Ipoanienue xu3HU U 0COOEHHO MaKCUMaJIbHO JOJI-
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rO€ COXpPAaHEHHE €€ KauecTBa JOCTATOYHOW aKTHBHOCTH YEIOBEKA) B aCIEKTE
CKa3aHHOTO O XapaKTEPHCTHKAX PEBOJIOIHNU YIPAaBISEMBIX CHCTEM O3HAYaeT
JanbHelIee pa3BUTHE YIPAaBISEMBIX CHCTEM, WHIUBHIyaJIN3allld, BBIOOpa
ONTUMAJIBHBIX PEXHMOB, OTPOMHYI0 KOHOMHMIO (B TOM 4YMCIIE€ 3MOLIMOHAJb-
HYI0) SHEPTUH U YHUKAILHOTO ONbITa 1 MUPOBOCIIPHUATHS. Beib Kaxaplid yeno-
BEK B T€UEHHUE KU3HU NpHOOpeTaeT OECIeHHBIH OnbIT. MOXHO TakXke cKa3aTb,
YTO 3TO OJHA U3 BO3MOYKHOCTEH COXPaHEHMsI OIMbITA MPEIIECTBYIONIUX MMOKO-
JeHUH (B YCIOBHMAX YCKOPEHMS TEXHOJOIMYECKOTO Pa3BUTHUS U BCIEACTBUE
9TOTO HEM30EKHOTO OTKa3a OT MHOTOTO M3 HAKOIUIEHHOTO IPEABIIYIINMH I0-
KOJICHHSAIMH Oaraka) 3a CUET JIMYHOTO OIBITA JOJITOKUTENEH M JINYHOTO KOH-
TaKTa C HUIMH MX IOTOMKOB.

Pasgen 3. BUOTEXHO/IOMMN B KNBEPHETUYECKOM
PEBOJ1IOLMN

Onpenenenne. broTexHOIOTNS — MOHATHE IMUPOKOE W HEOTHOPOAHOE, Ooiee
TOT0, MOHMMAHUE €T0 MEHSJIOCH ¢ Te€YeHHEM BpeMeHd. Tak, 1o 1970-x rr. tep-
MHUH «OHOTEXHOIIOTHS» HMCIIONB30BAIICS OOJBINEH YacThIO IS OIHCAHUS HEKO-
TOPBIX TEXHOJOTHYCCKUX MPOIECCOB B MHIICBON MPOMBINIICHHOCTH M CEIb-
ckoM xossicTBe. [locine Hadanma WCHONB30BaHUS B JIAOOPATOPHUSIX PEKOMOU-
HautHoit JIHK M KynbTyp KJETOK, BhIpallMBaeMbIX in Vitro, OMOTEXHOJIOTHIO
CTaJIM OTOXKAECTBILITH C TEHHOI MH)XEHEpHEH, B HACTOsIII[Ee BPEMs ITH JIBa MO-
HSTHS YacTO JIaKe MCHOJIB3YIOT Kak CHHOHHUMBI. Celdac M3BECTHO HECKOJBKO
JIECSATKOB DPa3HbIX OINpEJeTIeHU OHOTeXHOJOruu (CM., Hampumep: binHOB
2003). CymecTByIOT U O(HUIHATBHBIE MEXKYHAPOIHBIC OTIPE/ICICHHUS, HAIPH-
Mep: «bHOoTeXHONOrHs MpencTaBIsieT cO00H KOMIUIEKCHYIO O00NacTh JesTelb-
HOCTH, B KOTOPOH HOBBIC METOIBI COBPEMEHHOH OMOTEXHOJOTHH COCIHHECHBI
C YCTOSIBIICHCS TMPAKTUKOW TPAIWIMOHHBIX OMOTEXHUYECKUX MEPOTPHUSTHIA.
OcHOBY 3TOH pacTyleil HayKOEMKOH OTpaciii COCTaBIISIET KOMIUIEKC METO/IOB,
JIAIOLINX YEJIOBEKY BO3MOKHOCTD LIEJICHAIIPABIEHHO U3MEHSTH CTPYKTYPY J€3-
oxcupubonykinenHoBoit kucnotsl (JAHK), niam remetnyeckoro marepuaia, pac-
TEHHH, >KUBOTHBIX ¥ MUKPOOPTaHW3MOB C BBIXOJIOM Ha IIOJIyYEHHE IT0JIE3HBIX
mpoaykToB U TexHonorui» (OOH 1992: rin. 16). MbI noHUMaeM OuomexHoo-
2UI0 KAK COBOKYNHOCMb HAYYHO-NPOMBIUUIEHHBIX Memo00s, UCHONb3VIOUUX
JHrCUBbIE OP2aHU3MbL U DUOI02UYeCKUe Npoyeccyl Ol NPOU3B00CNEA PA3IUYHbIX
npooyKmos.

OCHOBHBIE HAIIPABJICHUS COBPEMEHHOW OMOTEXHOJOTHHU: OMOTEXHOJIOTHS
MUIIEBBIX MPOJYKTOB, CEIbCKOTO XO3SHCTBA, NPENapaTtoB M MPOAYKTOB ISt
MIPOMBILIJICHHOTO ¥ OBITOBOT'O HCIIOJIBb30BaHMS, JIEKAPCTBEHHBIX M JPYIMX Me-
JUIAHCKUX MPEnapaToB, 3alIUTa OKPYKAIOMIEH Cpeasl OT 3arpsi3HEHHS U JIp.

3.1. Actopusa 6MOTEXHOJZIONrMM A0 Hauyana
KnbepHeTMUecKoin pesosirounmn
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HecmoTpsa Ha TO, 9TO OMOTEXHOJIOTHA — IOCTATOYHO HOBAsl OTPAaCIb, MEPUOT
«TPAJNIIHOHHOTO» MHUKPOOHOJIOTHYECKOTO MPOU3BOACTBA OEpPET CBOE HAYAIIO
ele B KAMEHHOM BEKe: JPO}OKEBOHM XJield, HOTypT, MBO, BUHO, YKYC HCIIOJb-
3YIOTCS ¢ IpeBHEHINX BpeMeH. IlepBble HaydHbIE MPENIOCHUIKA OHOTEXHOIIO-
run 3anoxwn Jlyu Ilactep, oTkpeiBmmil mpupony Opoxernus. B xorme XIX —
Havyasie XX B. aKTMBHO HaKaIUIMBAJIUCH 3HAHUS O MHKPOOHMOJIOTHH, KOTOpBIE
Bce OoIbIe HAXOAWJIHM NPHMEHEHHe Ha mpaktuke. B 1917 r. Benrepckuit mH-
xernep Kapm Dpexe BBen TepMUH «OMOTEXHOIOTHY.

Uccnenoatenu (I'muk, [Tacteprak 2002) BBIAETSIOT CEAYIOLINE IEPUOBI
pa3BuTHus OmoTexHojoruu: 1) mo 1917 r. mepuon «TpagULIMOHHOTO» MHKPO-
OHMOIIOTHYECKOT0 TpoW3BOACTBa; 2) ¢ 1917 mo 1973 1. — mepwox co3maHus
HAy4YHBIX MPEJIOCHIIOK JUI COBPEMEHHOI OMOTEXHOJIOTHH. DTOT NMEPHOA J10-
MIOJIHUTENBHO JienuTcsi Ha nBe yacT: ¢ 1917 mo 1940 r. — 3To B cBOEM pojie
«UHKYOAIIMOHHBIN» IOJIIEPHOI, KOTJa OMOTEXHOJIOTHH YK€ aKTHBHO HCIIONb-
30BallMCh, HO B IEJIOM HE WIPald 3HAUUTEIBHONH PONU B MPOMBIIUICHHOCTH
u 3koHOMHuKe; 1 ¢ 1940 mo 1970-¢ rT., KOrma OHOTEXHOJOTHsSI CTAHOBUTCS YXKE
3aMETHOH OTPaCIbI0 MPOMBIIIICHHOCTH; 3) ¢ 1970-X IT. Mo HacTosIIee BpeMs —
NIEpHO/ COBPEMEHHOH OWOTEXHOJOTHH, BHEAPEHHE HAYYHBIX pa3zpaboToK
B OMOTEXHOJIOTMYECKOE MPOU3BOICTBO.

Taxas nepronu3anus XOpOIIO YK bIBACTCS B HAaLly KOHIIEIMIO Kubep-
HeTuuecko peBononnn. Paxtudeckn HaunHas ¢ 1940-x u 1o 1970-x rr. MOX-
HO TOBOPHUTH O OBICTPOM Pa3BUTHH OHMOTEXHOJOTMH KaK 4yacTH OOIIero mporec-
ca Hay4HO-MH(OPMAMOHHOH (a3sl kubepHeTHdeckoit peposornu. Ho Hanbo-
Jiee MOIIIHO OHM CTaJId pa3BUBAThCs yxe ¢ 1970-X rr. Ha cOOCTBEHHOM Oa3e Ku-
OEpHETHYECKOW PEBOIIOIHIH.

Kak u MHOTHE Ipyrue MHHOBALIMOHHBIE OTPACiIN, OMOTEXHOIOTHS 3apOIH-
Jlach elle Ha MOCJICAHUX 3Tarax MPOMBIIUIEHHOTO NPHHIMIA ITPOU3BOACTBA.
B xonne XIX — nauane XX B. cranu BbIITycKaTh OMOyn00peHnst U OHoorHYe-
CKH€ TIperaparsl Ui O0pbObI C CEeNbCKOXO3IHCTBEHHBIMU OOJIE3HSIMU U BPEAH-
TEJISIMH, HavaJlUCh NTPOMBIIUICHHBIE UCTIBITaHHUSI OMOTEXHOJIOTNMYECKHX HpolLec-
COB TepepabOTKH W WCIOJIF30BAaHMS PAaCcTUTENBHBIX 0TX010B (Bomora 1999).
HamaxwuBanoce IpOU3BOACTBO C MTOMOIIBI0 MHKPOOPTAaHMU3MOB aIleToHa, OyTa-
HOJIa, aHTHOMOTHUKOB, OPTaHUYECKHUX KHCJIOT, BUTAMHHOB, KOPMOBBIX OEIKOB
u 1. 1. (EropoBa, Camymiosa 1987).

1930-1940-¢ ce. o3nameno8aNUC NPEONOCLLIKAMU 015 nepexoda K Kubep-
Hemuyeckoll pesotoyuu. B 3T0 BpeMs HAaUMHAETCS IPOMBIIIJICHHOE IIPOU3BO/I-
CTBO HEKOTOPHIX BUTAMHHOB, HanpuMep BuTamuHa C. 3apoxmaeTcst Iponu3Bo -
CTBO IIpEnaparoB, IOJYYCHHBIX OMOTEXHOJIOTHYECKMMH MeTonamu. IlepBbiM
MaccOBbIM OHOTEXHOJOTMYECKUM IIPOM3BOJCTBOM CUYHMTACTCSl IOJIyYCHHE Iie-
HULWIIMHA, KOTOpoe ObLIo 3amymieHo B 1943 r. MwupoBas BoiliHa BBISBHIIA
OCTPYI0O HEOOXOJMMOCTh B HallaKMBAHUM MacCOBOTO IPOM3BOJICTBA JAEIIEBBIX
JIEKapCTB, MUIIEBLIX IPOJYKTOB U BUTAMHHOB.
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3.2. HauanbHana ¢a3a knbepHeTUUYECKON peBonoLUU

3.2.1. BMOTEexHoNormsa CTaHOBUTCSA KPYNHOMW OTpacnblo
MPOMbILLIJIEHHOCTH

CornacHo Hamied koHmennuu, 1950-e IT. SBISIOTCA HAa4ajlOM KHOepHEeTHdUe-
CKOW peBoIOIMHK (€€ HaydyHO-MH(pOPMAaIMOHHON (a3bl), KOrna nomyuaem cu-
cmemHoe 8bipadcenue yeavlll pao menoenyull, Komopbvle AeNIANUC, HeCUcmem-
HbIMU RO OMHOWEHUIO K NPeOuleCmeyloujemy nPuHYuny npouseoocmed. B atot
nepros OMOTEXHOJIOTHS OKOHYATEJIbHO CTAHOBUTCS IPOMBIIUICHHBIM CEKTO-
pOoM, OBICTPO PACTYIIHMM M OKa3bIBAIOIIUM BIMSHHE Ha BCIO 3KOHOMHKY. IIpo-
JIyKThI GHOTEXHOIOTHil IPUMEHSTHCH OYCHb IMHPOKO . B mepBbie AeCATHICTHS
nocsie Bropoit MupoBoii BoiHBI OBIIIO OPraHW30BaHO KpyHMHOMacIITaOHOE Tpo-
W3BOJICTBO a@MHHOKHCIIOT, KODMOBOTO O€JKa OJHOKJIETOYHBIX (M3 He)TH U OT-
XOJI0B  LE/TIONO3HO-0yMaXKHOH MPOMBIILICHHOCTH), CTEPOMAOB'>, OCBOEHO
KYJbTUBUPOBAHUE KJIETOK >KMBOTHBIX M pacTeHuUM. Yke ¢ koHuma 1940-x rr.
HayaJach OpraHM3alIis MacCOBOTO MPOU3BOJICTBA aHTUOMOTUKOB. OHU HAIILIU
LIMPOKOE NMPHUMEHEHHE He TOJIBKO B MEJUIIMHE, HO U B CEJIbCKOM XO3SHCTBE IS
JIeYeHNs )KMBOTHBIX M PacTCHMH, B KadecTBe OMomo00aBok B kopma. C momo-
LIbI0 MyTanuii ObUIM CO3JaHbl BBICOKOA(dEKTHBHBIE (HOPMBI aHTHOHMOTHUKOB.
VIHTaKTHBIE KJIETKH MHKPOOPTaHHU3MOB CTAlM IIUPOKO HCIIONB30BATHCS IS
TIOJTYYeHHs JEKapPCTBEHHBIX BELIECTB CTCPOMIHON MPUPOJIBI, OBUIM OPraHU30-
BaHBI KPYIHBIE Tpom3BozAcTBa BakimH (Bomosa 1999). [IpousBoncTBo nekap-
CTBEHHBIX IIPENapaToB CTaJ0 YCHEUIHBIM, a TakXe OYEHb MNPHOBIIBHBIM
HamnpasienueM (Teinop u np. 2004), mo3ToMy TyAa yCTPEMUINCH KATUTAIBI U
Hay4dHble criibl. KoandyecTBO MeIUKaMEHTOB, MOJyYEHHBIX OMOTEXHOJIOTHYE-
CKMM METOJIOM WM TaK Ha3bIBaeMOH «KpacHON OMOTEXHOJIOTHEW», Hadajo
HEYKJIOHHO pacTH. BHOTEXHOJIOTHs, MOBTOPHUM, CTajla MOIIHBIM IIOACHOPhEM
CEJIbCKOTO XO3SIMCTBA, C TIOMOIIBIO €€ METOAOB IPOU3BOJAT KOpMa, NT00aBKH,
BHTAMHUHbI, yI0OPEHHs, OCYIIECTRISIOT 3AIMUTY OT BpeauTeneii . C ee moMo-

1 Bor LUTaTa U3 KHUTU OJHOTO M3 MEHEKEPOB OueHb M3BecTHOI Kommanuu «®. Xodpman-Jis
Pomr JItn.» o ee nedrensHocTy B Havayie 1960-x rr. OHM npojaBany TOHHBI XUMHUKAIUH U BUTa-
MHHOB «KJIMEHTaM (UPMBI JUIS U3rOTOBJICHHS TaOJETOK, MOCTABISIIM TOHHBI BUTAMHHOB 4, /[ 1
E, KoTopble UM Kak J00aBKH B MyKYy U Maprapusbl, BUTaMiuH C — B IPOXJIQJIUTENbHBIC HATIUT-
KU, TMBO M BUHO (IS CTAOMJIM3allK) WA B KOHCEPBHPOBAHHOE H CBEXee MsCO. BOJBIIMHCTBO
BUTAMHHOB IIUIO0 B KOPM JUIsl CKOTa (IIPOU3BOJCTBO OOABOK B KOPMa, OCOOEHHO I UHTEHCHB-
HOTO )KUBOTHOBOJICTBA, OBUIO CaMO#l BayKHOM 00JACTBIO EITENbHOCTH KoMIanuu)». Kpome To-
ro, ¢ KoHla 1950-X rr. KOMIaHus MPOM3BOAMIIA KPYITHBIE APTHH TPAHKBUIIM3ATOPOB JIMOpUyMa
u Banmyma (Amamc 1986: 33, 60).
Crepoubl — BEIIECTBA KUBOTHOTO, PEXKE PACTUTENHLHOTO MPOUCXOKICHHS, 00IaatoIie BICO-
KOW OMOJIOrHYecKoil akTHBHOCTBIO. [Ipu TpaHC(hopManuK CTEPOUIOB ¢ HOMOIIBIO MHKPOOpra-
HU3MOB IOJIY4YalOT HY)KHbIC TIPOAYKTHI, B TOM YHCJIE TOPMOHBI.
¥ BHOTEXHONOrMH TOBBINIATH BO3MOKHOCTH CENEKIIHH, ITO BMECTE C APYTHMH IEPEIOBBIME Cellb-
CKOXO351ICTBEHHBIMU TEXHOJIOTUSIMU CIIOCOOCTBOBAJIO COBEPLICHHUIO TaK Ha3bIBAEMOW «3€JEHOM
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IIBIO TAKXKE MOJIYYAOT OHOYI0OPEHHUsI, aMUHOKHCIIOTHI, OPTaHUYECKHE KUCIIO-
TBI, ABTCPHATUBHBIC MCTOYHUKH SHEPrHHU, YTHIN3UPYIOT OHOIOIMYECKHE OT-
xombl. [IpOMBIIIIIEHHOE OHOTEXHOJIOTHYECKOE MPOU3BOACTBO CTalO BO3MOIXK-
HBIM €IIIe U 32 CYET BBICOKOM CTCIICHH aBTOMATH3ALUH [IPOLIECCOB. ABTOMATH-
3alust, KaK MBI YK€ TOBOPUITH paHee, — OJJHA U3 KIIFOUCBBIX XapaKTePUCTHK KH-
OEpHETHYECKON PEBOIIOLIUH.

3.2.2. ®dyHAaaMEeHTaNlbHble OTKPbITUA B o6nactu
6uoTexHonorui

OTH OTKPHITHA CBA3aHBI B IEPBYIO OUEpeb C JOCTIKEHUSIMU B 00J1aCTH HCCIIe-
JOBaHUS MEXaHHW3Ma TIepeladyd HacIeICTBCHHON wuHpopmamumu. B 1953 .
Jx. Yorcon u ®@. Kpuk onpenenunu ctpykrypy modaekyisl JJTHK. Dto 3anoxu-
JIO OCHOBY IOHMMAaHHUS POJIHM T'€HETUYECKONH MH(POPMAIMU M NPUHLIUITHAILHON
BO3MOXKHOCTH HAIpPAaBJICHHOTO NEPEHOCA TCHOB M3 OJHOTO OpraHM3Ma B Ipy-
roif. OTO OTKPHIBAJIO KOJOCCAIBHBIC MEPCIIEKTUBBI, MOXKAIYH, TPEBOCXOAAIINE
camble cMenble (haHTa3uu, Bpoje TeX, uTo siBui Mupy ['epbept Yamic B cBoeM
pomane «OcTpoB gokTopa Mopo». Jlanee OTKpbITUSA B 00JACTH TeHOMa ChIMa-
nuch Kak u3 pora m3o6mus'*. Ho, eCTeCTBEHHO, OT OTKPHITHIL 10 TIPOMBIIIICH-
HOT'O MCIIOJIb30BaHUS JIOJDKHBI ObUTH MTPOMTH ECITUIIETHSI.

1970-1990-¢ rr. (3aBeplieHHe HA4YAIBLHOM U Mepexoll K cpeaHei dase ku-
OepHeTHYeCKOH PEBOJFONNH) TaK)Ke 03HAMEHOBAIUCH 1EJION BOJIHOW OTKPHITHI
B 00JIaCTH MOJIEKYJISIPHOW OUOJIOTHH.

IIpuBeneM HEKOTOPBIE U3 HUX:

— 1973 r. — T. Boitep u C. Ko3H MOJI0KIITN HAYAIO TEXHOJIOTHH PEKOMOU-
HantHbIX JJHK;

— 1975 1. — T". Kénep u C. MunbsmTeiH pa3paboTaiy TEXHOJIOTHIO MOTyye-
HUSI MOHOKJIOHAJIBHBIX aHTHUTET;

— 1978 r. — pupma Genetech BBITyCcTHIIA YEIOBEUSCKUI MHCYIWH, TIONY-
YeHHBIH ¢ momoIeio E.coli (kuimeuHoi manoukn);

— 1981 r. — mocTynmau B mpoJaxKy HMepBbIe aBTOMATHIECKNE CHHTE3aTOPHI
JAHK;

— 1982 1. — x mpumenenuro B EBpore paspeliena nepasi BaKkIIuHa IS K-
BOTHBIX, TIOJIYI€HHAS MO0 TEXHOJIOTHU pekoMOMHaHTHEIX JITHK;

— 1983 r. — mns TpanchopManMy pacTeHHWH NpUMEHEHbl ruOpuaHble Ti-
TUTa3MUIB;

peBommorn» 1940-1970-x rT., KOTOpask mpUBeENa K OBICTPOMY POCTY YPOKAWHOCTH 3€PHOBBIX B
psie pa3BUBAIOIIMXCS CTPaH, TaKNX kKak Mekcuka, Muaus, [Takuctan u np.

JlocTaTouHO CHOBA B3IJIIHYTh HAa HOMHHAHTOB HoOeneBckoil mpeMun, 4ToObI OLIEHUTH HaHOoIee
BOCTPeOOBaHHYIO 00IaCTh HAYKH TOro BpeMeHH. Tak, B 1958 r. Jx. bugn u O. Telitem ynocton-
JIMCh TIPEMHH 3a OTKPBITHS, KACAIOIIKECS POJIM TCHOB B CIENU(DHICCKHX OHOXUMHYECKUX MPO-
neccax, a Jpx. Jlenepbepr — 3a OTKpPHITUS, KacaroIIUecs] TeHeTHIECKOH peKOMOMHAIINY U OpPTaHu-
3aIMU TeHeTHIecKoro Mareprana y 6axrepuii. B 1959 r. C. O4oa momydui IpeMHIo 3a OTKPBITHE
MEXaHH3MOB OHOJIOTMYECKOr0 CHHTE3a PUOOHYKIICHHOBOI U 1€30KCUPHOOHYKICHHOBOM KHUCIIOT.

14
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— 1988 r. — co3mgan MeTox nonuMepazHoi nenuHoi peakmwn (ITLP).

B pesynpraTe yka3zaHHBIX U HEYKa3aHHBIX OTKPBITHI T'€HETHYECKas MHXKe-
HepHsl CTAHOBHUTCS MOIIHBIM HalpaBjeHHeM OuoTexHoyiornu. KadecTBeHHO
HOBBII YPOBEHB pa3BUTHA OnotexHosoruii ¢ 1970-x rr. 0o3Ha4yam, 9To B paMKax
KHOEPHETHIECKOH PEBOIIFIOLUH OHH YK€ TIEPEPOCIH MOTECHIINH, 3aJI0)KEHHBIC €IIIe
IIPOMBIIIUIEHHBIM MPUHIUIIOM POU3BOJICTBA, U CTAJIM Pa3BUBATHCS HA HOBOM OC-
HOBe. B mocrnenHue necatuneTrs HadalbHOM (a3bl KHOSPHETHIECKOW PEBOIIO-
mun (1970-e — ragano 1990-x 1T.) OHOTEXHOJNOTHS cTajla YK€ JOBOJIBHO 3HAYHU-
MOH TIPOMBILIJIEHHOH OTpaciibio, 0e3 KOTOPOi He MOTJIM 00OHTHCH CENbCKOE XO-
3SHUCTBO (KaK PacTEHHEBOJCTBO, TaK M MBOTHOBOJICTBO, BKJIIOUasi U BETepHUHa-
PHIO), TMILEBAS X XMMHUYECKast IPOMBIIUICHHOCTH, (hapMalleBTHKA U METUINHA.

3.3. BuotexHonoruss B MoaepHu3aymMoHHoun ¢ase
KnbepHeTUueckoi peBonrounmn

1990-2000-¢ rr. 03HaMEHOBAIUCh OYECHb KPYMHBIMHU yCIEXaMH JjIsi ONOTEeXHO-
JOTMH KAk OTPAC/IM MPOMBIIUICHHOCTH . B 3TOT MEpHOA YKpEIIsioTcs
HalpaBJICHUs, CBA3aHHBIC C TEHETHYECKOH Moau(uKannei, KOTOpbele 3apoau-
JHCh Ha npeabiaymieit gase. KioHUpyoTCst OpraHu3MBl, C ITOMOILBIO TeHETHY -
CKMX MoaM(UKanuii HAYMHAIOT JICYUTh psj Oonesnell. Hapsmy c mpousBoa-
CTBOM JIEKapcTB, OM0700aBOK K KOpMaM H T. 1. mpou3BoacTBo ' MO crano yxe
OYeHb 3HAYMMBIM CETMEHTOM CEJIBCKOT0 XO3IHCTBA, POCT IIEH Ha YHEPTOHOCH-
TENIH MpUBET K OBICTPOMY POCTY MPOHU3BOJCTBA OHOTOIIHMBA (B TOM YHCIE W3
I'MO-npoayKTOB).

HeynuBurenbHO, 4TO OHOTEXHOJOTMM pacCMaTpUBAIOTCS Kak Hambolee
MIEPCIEKTHBHAS OTPACIb, KOTOPasi MOKET CTaTh JJOKOMOTHBOM HOBOTO HHHOBA-
LMOHHOTO PhIBKA™.

O 3HaueHNH HAIIPaBJICHHS CBUAETEIHCTBYET PACIIMPEHUE CIIEKTpa IpUMe-
HEHHs ero (M CBSI3aHHBIX C HUM) TEXHOJIOTHH M JIOCTHXKEHUH B Pa3HBIX OTpac-
nsiX. XOTS B 3TOM OTHOIICHUHM OHMOTEXHOJOTHs, KoHeuHO, ycrymaer UKT, ox-
HaKO CIIMCOK 3TOT OBICTpO pacrteT. Tak, B NHIIEBON NPOMBIIIIIEHHOCTH IPaKTH-
YeCKH HET HATPABJICHHI, B KOTOPHIX ObI OHA He TpuMeHsnack' . C GHOTeXHO-

!5 K mpumepy, phIHOK KOPMOB JUIsl IOMAIIHHX MHTOMIIEB, TIE TAKXKE HCTIONB3YIOTCS GHOTEXHOMO-
THH, ©KETOTHO Bo3pacTaeT Ha 4—5 %, cocTaBILsisl TONIBKO B EBpoIe AecaTku MIIIHAapI0B JOMIa-
poB (cM., Hanpumep: becnanees 2006).

% Hapsiny ¢ apyrumu. Tak, JOBONBHO pacmpocTpaHeHa, HampumMep, a0bpesuarypa «NBIC-komsep-

reHuusi», rae N pacumdpoBbIBacTCS Kak HAHOTEXHONOTHHU, B — kak OuorexHomoruu, | — kak uH-
(opmanrioHHBIe TexHONOTHH, a C — Kak KOTHUTHBHAs Hayka (cM., Hanpumep: Lynch 2004; Dator
2006).

7 TIpu 5TOM BO3MOKHOCTH CO3/IaHHS CAMBIX PA3HBIX MOAM(HKALMIT TIPOAYKTOB, BapHAGETLHOCTH
KOMIIO3MIIMH UX MHILEBBIX CBOWCTB, COCTaBa, CTENEHH HATYypPalbHOCTH M T. II. CTaJM IpaKTHye-
CKH 0e3rpaHHYHBIMU. DTHM YacToO IOIB3YIOTCS HeT0OpOCcOBECTHEIE Mpom3BoauTen. He nckiio-
YeHO, YTO B Oy/yIIeM CTaHyT AOCTYIHBI JIs CBOOOMHOH MPOJaXxu IPHOOPEL, CIOCOOHBIC H3Me-
PHTh CTENEHb HATYPaAIbHOCTH, SKOJIOIHYHOCTb NPOLYKTOB, cofepxkanue B HUX TMO u T. .
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JOTHEH CBSI3aHBl XMMHYECKOE MPOU3BOACTBO (B YAaCTHOCTH, IIOJIHCAaXapHIbI,
OuozerpaaupyemMble HOJIUMEpHl, OMOKATaIN3, a TAK)KE CO3LaHHE HOBBIX MaTe-
pHaloB, HalpuMmep, OUOIUIACTHKH), SHEPTETHKA, CEJIbCKOE XO35HCTBO; TOPO/I-
CKO€ XO03siCcTBO (Hampumep, B mepepadOTKe Mycopa), OTpaciH, CBSI3aHHBIC
C JUTUTEJILHBIM XpaHEHHUEeM MPOAYKIMY; MEIUIMHA U (papMaKoJIorus; HAaHOTEX-
HOJIOTMH; KOCMETOJIOTHSI; BOGHHAas1 oTpaciib. HakoHel, OMOTEXHOJIIOTHH aKTHB-
HO BXOJST B OBIT HIMPOKHX Macc JII0AEH, MPUMEHSIONMX OH0/100aBKH M BUTa-
MUHBI, HCHIOJIB3YIOIIUX B JIMETE CHEeNUATbHbIE TIPOAYKTHI, TPUMEHSIIOIINE 0CO-
00ro posa KOCMETHYECKUE MPOLYKTHI H T. [I.

Be3yclioBHO, BaKHBIM HCTOYHHKOM pocTa cepbl NPUMEHEHUS OHOTEXHO-
JIOTHH (KaK ¥ MHOTHX JAPYTHX HalpaBJeHHH) CTaJo0 aKTUBHEHIIee HCIOIb30Ba-
HUE MH()OPMALMOHHBIX TEXHOJIOTHH B HPOU3BOACTBE M HAyYHBIX METOHAX,
B pe3yNbTaTe Yero MPOU3BOAUTEIFHOCT, TOYHOCTD U T. II. NApaMeTPhl YBEIH-
YHJINCH B 3HAYUTEIBHON CTETICHH.

HepCHeKTI/IBI)I 6I/IOT€XHOHOFI/II/I BCJIMKMU. HOCKOHLKy OHHU TCCHO CBA3aHBI
¢ MHKPOOHOJIOTHEH, & MUKPOOPTaHU3MBI IPUCYTCTBYIOT Be3JIE, TO J1aXKe B 3TOM
OTHOIIEHHH cepa NpUMeHeHus1 OMOTeXHONOrui OyneT Oe3rpaHn4Ha (OT KOC-
MHUUYECKHX HYXXI A0 A0OBIMM M TepepadOTKH IOJIE3HBIX HCKomaeMbix). Hako-
Hell, OMOTEXHOJIOTUH CTaHyT OJHUM W3 TJIaBHBIX ()POHTOB, HA KOTOPHIX pas-
BepHeTCs 3aBepluaroiias $aza KHOSPHETHYESCKON PEBONIIOIMH ¥ TOCIEAYIOIINE
smoxu (2030-2070-¢ rT.).

3.4. XapaKTepucTMkn KnbepHeTU4YeCKoOl peBoJIloLUNn
B pa3BMTUM U NPUMEHEHUN 6UOTEXHONOrnMn

ABTOMATH3aLMsA TNepepacTaeT B caMOYNpaBJieHHe M CaMOperyJsiuuio.
VYxe B 1970-¢ rr. DBM HaxomaT MpUMEHEHHE B aBTOMATH3AIMH OHOTEXHOJ O-
rUYecKoro mpousBojactBa. OueHs OpicTpo DBM mepectanu BBHIONHATH BCIO-
MOraTeJbHYIO pOJib, CTaB OCHOBOI aBTomaru3anuu (3yauH u ap. 1987). C no-
MOIIBI0 MHUKPOIPOIIECCOPOB OBIIO CKOHCTPYMPOBAHO MHOXKECTBO NMPHOOPOB
JUI OMOTEXHOJIOTHH, 0cobeHHOo aist paboTsl ¢ JJHK. B cBsi3u ¢ MOIIHEIM pas-
ButreM MKT u nosiBneHneM y1oOHBIX KOMIIBIOTEPOB M IPOTPAMM ITP OLECCHI
ABTOMATH3AIMH B OMOTEXHOJIOTHYECKOM MPOU3BOACTBE M MCCIIEAOBAHUIX Ha
MOJEPHU3AIMOHHON (haze KHOCPHETHUECKOH PEBOJIONUN JOCTUTIN HOBOTO
YpOBHS, Kak B 00JIaCTH HPOU3BOJACTBA, TaK M B cepe HAYIHBIX HCCIEHO-
BaHUU.

B wactHOCTH, (pabpuKK MO TMPOM3BOJACTBY OHMOTEXHOJOTHYECKOH MPOTyK-
LU CO BPEMEHEM TPeOOBaJI BCe MEHBIIETO yJacTHs denoseka. [Ipu maccoBoM
IIPOU3BOJICTBE JIEKAPCTB U CEJILCKOXO3SIICTBEHHOM MPOAYKLUH 3TO 3HAUUTENb-
HO yZEUIEBJISIET MIPOIYKT, Jiesas ero 0osee JOCTYITHBIM.

[Iporpammuoe obecrieueHue it HY X TeHHOM MHXEHEPHH CTPEMHUTEIEHO
COBEPILIEHCTBYETCS, YTO ABISETCA OAHUM U3 MHOTUX NPUMEPOB KOHBEPIeHIIUU
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HATIPABJICHHIT KHOEPHETHUECKOH peBoTroHH . CeroHs CIeNHaTHCTE, He OT-
X0/ OT KOMITBIOTEPA, MOJONPAIOT HYXKHBIH T'€H, MOJEIUPYS €T0 BCTPAUBaHNE
U noBesieHue npu Tpanchopmanuu. [TosBUIMCh MTPUOOPHI ISl aBBTOMATHYECKO-
ro Beiienenust, ounctku JJHK u paznenenust Ha Hy>KHbIe ()parMeHTHI, IIepeHoca
reHa u T. . CexkBeHaTOpbI (IPUOOPHI AJIS pa3esIeHus el HYyKJIEMHOBBIX KUC-
JIOT Ha COCTaBJISIIOIINE UX HYKJICOTH/IbI), PaHbIIE 3aHUMaBIINE BHYITUTEIBHYIO
4acTh J1ab0paToOpuH, CTANU BBITycKaThes B BUie USB-duem-Hakonurens, 4To
sBiseTcss npuMepoM Takke u MunHuatiopmsamuu  (Oxford  Nanopore
Technologies 2013).

Kpaiine Ba’kHO, 4TO yke ceiidac MOKHO TOBOPUTH O PEATM3aIN MTPHHIIH-
TIOB CaMOPETyJISIIIMK Ha YPOBHE 'eHOMa. B 4acTHOCTH, BMECTE C IIOJIE3HBIM Te-
HOM, Hampumep coneycroiuuBoct B pacreHusx (I'puraun u ap. 2010), BcTpan-
BAIOT CIICIMAJIbHBIE TEHBI-KOHTPOJIEPHl — IPOMOTOPBI, KOTOpBIE 3aIyCKAIOT
HYXHBIA T€H TOJBKO B ONPEAEICHHBIX YCIOBUSX (IIOBBIIICHHOE COJCp)KaHHE
cony B mouse). TakuM o0pa3oM, HAIUIO MpeXkAe HE CYIIeCTBOBABIIAs, CaMo-
ympasisiemast (0e3 yuacTusi 4ejgoBeKa B CaMOM MpoLecce, HO KOHTPOIUpyeMas
uM) OHOJIOTHYECKasi CUCTeMa, KOTopasi, OJTHaKo, paboTaeT Tak, Kak HYXHO JIf0-
g™, C10BOM, MbI BHMM IPOOGPA3 CAMOYIIPABIAEMBIX H CAMOPETYTHPYEMbIX
(camoHacTparBaeMbIX) OMOJIOTHUECKUX CHCTEM, KOTOphIe Omaronmapsi Ouotex-
HOJIOTHSIM B OyZyIleM CTaHyT HIMPOKO M aKTHBHO HCIIOJIb30BATh €/1Ba JIH HE BO
Bcex cepax KU3HH.

B OunoTrexHONOTHSIX MIMPOKO TNPHUMEHSETCS CaMOpPEryisilus TakXke Ha
ypoBHE KJIETKH (TO ecTb Oonee BeIcokoM, ueM JIHK). Hampumep, ucmons3yroT-
Cs1 IPUHLIUITBI 00paTHOH CBsI3U cyOcTpara n (pepMeHTa, N3BECTHON Kak MOJIENb
omepoHa, 3a koropyto @. XKakob u XK. Mono B 1965 1. momyunnn HobGenes-
cKy1o mpemuio’’.,

O BO3MOXHOCTSIX CO3/1aHHs B OyJyIIEeM CaMOperyiupyeMbIXx OHoJioruye-
CKHX (M SKOJIOTHYECKHX) CHCTEM JIOCTaTOYHO KPYIHOT'O YPOBHS FOBOPST yCIIe-

'8 PaspuTHE MPOrPAMMHOTO OGECTICUEHHS TAKKE CTPEMUTENBHO TIPOUCXOIMT M B JIPYTHX HATIPAB-
JICHUSIX KMOEPHETHYECKON PEBONIONNH: HAaHOTEXHOJIOTHUH, MEINIIMHE H, KOHEYHO Ke, B HH(OP-
MAIMOHHBIX TEXHOJIOTHSX.

19 Ve MMeIOTCA TIPHMEPBI MCTIONb30BaHMs POGOTOB Kak MOMOIIHMKOB B HAYYHBIX HCCIEIOBAHHMAX
no rererrke. Harpumep, B 2009 r. B sxypHaie Science coobianock o pobore «Axam», KOTOPHIA
CaMOCTOSITENIBHO CIENal HCCIEA0BAaHMs B 00IaCTH OMOTEXHOJIOTHI B OTHOLICHHH OCIKOBBIX Ka-
TaNM3aTopoB Jpoxcokeld Saccharomyces, A1 KOTOPHIX HE ObUIM OOHAPY)KEHBI KOAUPYIOUIME MX
reHbl. [Ipy 95ToM poOOT BBIOIHMII BCE CTaHU HAYYHOH pabOTHL. DTO MOXKET CTaTh HAYalIOM CO-
BEPIICHHO HOBOTO MOAXOAA K Hayke. Jlo CHX MOp HU OfHA M3 CYIIECTBYIOIIMX aBTOMAaTH3HPO-
BaHHBIX CHCTEM HE OblLia B COCTOSHHU CAMOCTOSITEIBHO BBIIIOJIHATH BCE CTAANM HAyYHOTO MPO-
necca (King et al. 2009).

% Okasanoch, 4TO CHHTE3 GENKa B OPraHW3ME — 9TO CIOKHO PEryJIHpyeMblii porecc. MpaHirys-
CKHe ydJeHbIC BBLICHIIIH, YTO y KHIICYHOH ITaNOYKU MPU HAJIWYUM caxapa B cpele BKIIOYaeTCs
cuHTE3 (pepMEHTOB, HEOOXOIUMBIX JUIs ero Meraboim3ma. Korna caxap 3akaHUMBaeTCs, CHHTE3
(epMeHTOB ocTaHaBNUBaeTCsA. TakuMm 00pa3oM, caM CyOCTpaT SIBIISIETCS YacThIO PETyISATOPHOM
CHCTEMBI OpraHKu3Ma. JTO CTaJ0 MIMPOKO HCIOIb30BATHCS B OMOTEXHOJIOTUSX, IIOCKONBKY a0
BO3MOXKHOCTb PETYJIMPOBATh CHHTE3 HEOOXOMMMBIX OCIKOB M CAEIATh €ro HEMPEPHIBHBIM.
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XM COBPEMEHHOH T€HETHYECKON HAYKH M TEXHOJIOTHH. YKe CErOJHs reHeTHde-
cKHe MOJU(UKAIMK TTO3BOJAIOT M3MEHSTh IeJble MOmy siuuy. Tak, Bce 60ub-
1€ pa3BUBACTCS METOJMKA PACTIIPOCTPAHCHUS TCHOB «IIOJICATHBIMIY OCOOSIMH.
Hanpumep, komapbl, HecyIiue reH OecIuioIust, BHEAPSIIOTCS B IUKYIO MOIYJIs-
LU0, PACTIPOCTPAHSISA 3TOT TeH NPH CKPELIMBAHUH U TaKHMM 00pa3oM COoKparuas
ylcIeHHOCTh HacekoMbIX (Tkauyk u ap. 2011).

Co3nanne HOBBIX MaTepuayioB. B 1940-1970-e rr. ocHOBHBIM HarpasJie-
HHEM OBUIO HaJla)KUBaHHE IIPOMBIIIIEHHOTO IIPOU3BOJICTBA M3BECTHBIX BEIIECTB
(kak, HaIpUMep, BUTAMHUHOB) WIIM MX aHAJIOTOB, OJJHAKO BMECTE C 3THM Ha4YMHa-
JIOCh U CO3JIaHUE COSIMHEHMH, HE CYIIECTBYIOIMX B pupoje. [Ipumepom Takux
BEILIECTB MOKET NOCIyXuTh Xymasor (Humalog) — mmpoko npumeHsieMsblii cuH-
TeTnueckuil ananor 4enoseueckoro uucynuna (Woollett 2012). TlocnenoBatens-
HOCTh HAaIlOMHHAET Pa3BHTHE XVMHH: CHA4ala JIIOIW HAYyYHINCh HMPOU3BOAWTH
W3BECTHBIC BEIIIECTBA, a 3aTEM M HCKYCCTBCHHBIE MATCPHAIIBI.

BrotexHosorus mo3BoJjsieT MojyyaTh Bce HOBBIE MaTepuaisl. Hampumep,
pacrteT Mpou3BOACTBO OMOIUIACTHKA. [ JTaBHOE JOCTOMHCTBO 3TOTO MaTepHaia
B TOM, YTO B OTJIMYME OT OOBIYHOTO IUIACTHKA OH MOXKET pasiiarathCsl, UHBIMU
CJIOBaMH, BXOJHUT B KPYTOBOPOT BEIECTB B Ipupope. bezycioBHo, 3To miar
B HamlpaBJICHUU CO3JaHMS B OyIyIIEeM CaMOpEryJHpYIOMIUXCS U CaMOOYHIIa-
IOIIUXCS 3KOJIOTHYECKUX cHcTeM. TakuM 00pa3oM, OCHOBHAS II€Nb IPOU3BO/-
cTBa OMOIIACTHKA — COXPAaHEHHE SKOJIOTHH, YMEHBIICHHE ITPOU3BO/ICTBA TOBA-
POB M3 HEBO30OHOBISIEMBIX PECYPCOB M COKpAIIeHHE BHIOPOCOB JTMOKCHIA BO-
J0posia B cpexy. ACCOPTHMEHT NPOAYKIMH, CACTAHHON N3 OMOIUIACTHKA, YKe
odeHb mmpok. B mepuox ¢ 2000 o 2008 r. MupoBoe nmoTpediieHne 6nopasia-
raeMbIX IUIACTUKOB HA OCHOBE Kpaxmalla, caxapa M LEeJUTIOJI03bI YBEITHIMIOCh
Ha 600 % (Ceresana Research 2011). OxHako mpoOU3BOACTBO IUIACTHKA HE U3
HE(PTENPOIYKTOB COCTABIIAET MOKA TONBKO 1 %. DKCIEPTHI CUUTAIOT, YTO MPO-
U3BOJCTBO OnorumactTukoB K 2020 r. OymeT cocTaBisaTh 3,5—5 MJIH TOHH, WIH
mpumepHo 2 % ot oOmero mpousBojcTBa IactukoB (Jlemwmua 2012).
Ho maxke ecim 0HO JOCTHUTHET, KaK HaJACIOTCS HEKOTophie, 5 %, Bce ke TroBO-
PHUTh O MaCCOBOM BBIITyCKE MOKa He MPUX0ANTCs. OCHOBHBIMU TPENSTCTBUSMHU
JUISL MCIIOJIb30BAaHMUS IUIACTHKOB, M3TOTOBJIEHHBIX HAa OCHOBE CEIILCKOXO3SIH-
CTBEHHOT'O CBHIPbsI, CTAJIH MX ceOecToMMOCTh (OMOIUIACTHKU CTOAT B 2—7 pas
JIOpPO’KE, YeM aHaJOTH, MOJyYEHHBIE M3 YIJIEBOAOPOJHOTO CHIPHS) M OTpaHH-
YeHHbIe (YHKIHOHAJIbHBIE BO3MOXKHOCTH (YyBCTBHTEIHLHOCTh MPOJIYKTOB W3
KpaxMmaja K Bjare, JIOMKOCTb IOJIMOKCHOYTHpaTa), a TakKe HEeJOCTaTOYHAS
TMOKOCTh TPH HPOM3BOJICTBE CIICIMAIN3UPOBAHHBIX IIACTHKOBBIX MaTepHa-
noB. HecMoTpst Ha TpyIHOCTH, OMOTEXHOJIOTHS Ja€T HAJCKIAy Ha Ooiee 3KoIIo-
THYECKH YUCTYIO M BO30OHOBIISIEMYIO NMPOAYKIHIO, YTO B JOJITOCPOYHOM Tmep-
CIEKTUBE MO3BOJIUT CIKOHOMHTH PECYPCHI.

HWuauBuayaauzanus B OMOTeXHOJIOTHsAX. ['eHeTHUECKass HHKCHEPUS AB-
JSIETCsl OCOOCHHO SIPKUM IPUMEPOM TaKOH XapaKTePHCTHKH KHOSPHETHIECKOH
PEBOJIIOIINY, KaK MHAMBHAYyaau3aums. B pa3sButun OHOTEXHOJIOIMH WHIWBH-
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IOyann3alusi CBA3aHa IPEXKIE BCETO C IOSBICHUEM BO3MOXKHOCTH H3MEHATH
TeHOM M TI0JIydaTh HOBBIE CBOWCTBa opraHm3ma. Ha »Tom B mampHeimem Oy-
JET MOCTPOEH y4eT HMHAMBHIYAIBHOCTH Ka)XIOTO YEJOBEYECKOTO OpraHM3Ma
(a BO3BMOXHO, ¥ HE TOJBHKO UYEIIOBEUECKOTrO, a HANPHUMEpP, JOMAIIHUX IMHTOM-
LeB — co0ak, KOLIeK M 1p.) B IuiaHe (pOpPMHUPOBaHMS €ro odpasa >KU3HH, KOH-
TpOJISt HAJ 37J0POBBEM, YIYUIIEHHUS pabOThl OpraHu3Ma U T. II.

JIro6uMBIe 0OBEKTHI YKUBOTHOM reHETHYECKOH WHKEHEPUU — MBIIIH. Briep-
Bble TpaHCTEHHasi MBI Obula moiydeHa J[x. ['opmoHOM ¢ coTpyaHUKaMu
B 1980 r. B mpoHyKJI€yC OII0J0TBOPEHHOTO OJHOKIETOYHOTO IMOPHOHA MHK-
pOMHBEKIMEH ObLT BBEAEH I'€H BUPYCa MPOCTOTO TepIieca; W 3TOT I'eH padoTan
BO BCEX COMATHYECKHX KIIETKaX MBIMH. [lonydeHHbIE NPU3HAKY YCIIEUIHO IIe-
penaBanuck noToMcTBy. Ilo3xke TakuM 00pa3oM OBUIM MHBEIMPOBAHBI I'€HBI
nHTep(EepOoHa M MHCYJIHNHA YEIOBEKa, TeH BUpYyca JIeHKeMHUn MbImel u 1. 1. He-
CMOTpS Ha TO, 4TO 3G PEKTUBHOCTH METO/A cocTaBisieT okono 10 %, ¢ ero mo-
MOIIBIO MOJIY4EeHbl T€HHO-MOAN(DHUIUPOBAHHBIE KPBICHI, KPOJUKH, OBIIbI, CBH-
HBH, KO3bI, KOPOBBI U JPYTHe MICKONUTAIOIIHE.

Jpyroii npumep WHIMBUIYAIN3alMU B OMOTEXHOJIOTUU — KIIOHUPOBAHHUE.

KnonupoBanue camo 1o cebe BecbMa paclpoCTpaHEHHOE SBICHHE B MPH-
pone. OnHUM U3 IEePBBIX OMBITHI [0 KJIOHUPOBaHMIO NpoBeln ['eopruii Jlonamos
B 1948 r., KOTOpBII MOKa3ai, 4TO €CIM MOMECTUTh B SIMIIEKIETKY KIETOYHOE
SIIPO APYTOi 0coOHM, HAOOp TeHOB 3MOPHOHA OYAET TaKUM JKe, KaK y JOHOpa.
Ha npaxTyke moaTBEepAuTh TMIOTE3y YAAlIOCh TOJNBKO ciycTs 20 ner, kxoraa
yZanock KIOHHPOBaTh MbIb. [IpaBaa, oHa ObICTpO mornbia oT 3abosieBaHMi
HMMYHHOHI cucTeMbl. C TeX MOp yJaBaloch KJIOHHUPOBATh CBHUHEH, OBEL], KOPOB
n cobak. Ho Ha3pIBaTh 3TH 3KCHEPHMEHTHI IO-HACTOSIIEMY yJadyHBIMH €Ie
HEJb3sL.

PasnuuaioT mosHOe M YacTWYHOE KIOHHWPOBaHHE OpraHm3MoB. KioHupo-
BaHHE IIEJIOTO OPraHW3Ma, €CTECTBEHHO, BBI3BIBACT HAMOOJBIIUII HHTEpEC
y IMyOJMKH ¥ HAauOOJBINNE CTIOPHI 0 HEOOXOANMOCTH M JOITyCTUMOCTH TaKOTO
pona uccnenoBanuil. OIHAKO, HECMOTPS Ha TPOMKHE HKCIIEPUMEHTHI, 0COOCH-
HO ¢ oBIOH Jlommy, KIOHMpOBaHKE BpsAJ JIK OyJeT 3HAYMTENBHO Pa3BUBATHCS
B Oympkaiiiee BpeMsl M3-3a CEphE3HBIX OMOJOTMYECKUX MPEISTCTBHH B OTHO-
menny 31oro npouecca’’. ClieyeT 3aMeTHTb, 4TO Pe3yIbTaThl KIOHHPOBAHUS
13-3a CTPEMIIEHUSI K CEHCAllMOHHOCTHU CUJIBHO IpeyBenudeHsl. Tak, oBua Jloi-
JIM COCTapWIIach B JIBa pasa ObIcTpee copoauyeil. B pe3ynbrare )KUBOTHOE yChI-
i, THICSYN SKCIIEPUMEHTOB MPOBOMIINCH HAa PA3IMYHBIX JKUBOTHBIX, B TOM

2! TexHONOrHS KJIOHMPOBAHMS COCTOHT B TOM, UTO M3 SHIEKIETKH MPH TOMOIIA MHKPOXHPYpPrHUe-
CKOM1 oneparuy yaansercs spo 1 BMECTO HEro BBOJIUTCS SIPO COMaTHYECKOH KIIETKH APYroi 0co-
Ou (TOHOPA), B KOTOPOI COAEPIKATCSI TEHBI TOJILKO TOHOPCKOTro opranu3Ma. OJHaKo, IO COBPEMEH-
HBIM TPEICTABICHHUAM, TCHETHYESCKUI MaTepHall HE SBIISCTCS KOHCTAHTOM, OH U3MEHSETCS C BO3-
pactoM. Takum 00pa3oM, ¢ TIEPEHOCOM siIpa B3POCIIOi 0COOH MEPEHECUTCsT e¢ BO3PACT M HAKOII-
JIeHHBIC U3MeHeHus. K ToMy ke MOKa3aHO, YTO TeHETHYECKHH MaTepuall POJMUTENel He MPOCTO
CIIMBAETCS, A CIOKHO B3aHMOJICHCTBYET, HaBSA3bIBAs PYT APYrY CBOM CHIIbHBIC T'eHbl. O4eBHIHO,
YTO OT 3TOrO MPOLIECCca 3HAYUTENBHO 3aBUCUT MPABUIIbHOE (POPMHUPOBAHKE OyyIIEro OpraHu3ma.


http://ru.wikipedia.org/wiki/%D0%9E%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D0%B7%D0%BC
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gricae 0ojiee COTHM — Ha YeIOBEKOOOPa3HBIX 00e3bsSHaX, HO MOJ0KHUTEIFHOTO
a¢¢ekTa moxa HeT.

lopaszno Gonee mIMpPOKHE BO3MOXHOCTH Ul PAa3BUTHS M BHEJIPEHUs Ha
YPOBHE KOMMEPUECKOI'O NMPOU3BOJACTBA UMEET TepaleBTUYECKOe KIOHUPOBa-
HHE, 0 KOTOpOM OyzeT Oosee mogpoOHO paccka3zaHo B pasjeiie O MeTULIMHE.

JKOHOMHSI PecypcoB M JHEPrHU SBISIETCS OJHOM M3 TJIAaBHBIX IieJeil
1 pe3ybTaTOB OMOTEXHOJIOTHH. Ba)kHbIe BO3MOYKHOCTH B TUTaHE YIKOHOMHU pe-
CYpCOB CBSI3aHBI C OOPETEHHEM CIIOCOOHOCTH BIHSTH Ha TEHETHYECKYIO Opra-
HU3AIMIO KHUBBIX CymecTB. Ha 3TOM B HacTOSAIINI MOMEHT HOCTPOCHA CElb-
CKOXO3siicCTBeHHas («3elieHas») OMOTEXHOJOTHs, KOTOpas CTajla yXKe YacThIo
HavaIbHOH (pa3pl kKnOepHeTHIeCcKOH peBomonun. [IpopeIB B 3T0# obnacTu cBi-
3aH C MOMUNOMeHmMHOCMbI0 — CIIOCOOHOCTBIO pacTeHUil 00pa30BHIBATH MOJ-
HOIICHHBIH OpPTaHu3M U3 OJHOM KieTkH. C MOMOIIBIO TepeHoca HY>KHOTO IreHa
B pacTeHHUE MOIYyYaloT, HAIIPUMeEp, YCTONUUBBIN K KOJIOPAJACKOMY JKYKY KapTo-
(enb, CHIKAIOT BOCHPUUMYHMBOCTH K 3acCyXe, XOJOAYy M JPYrMM CTpeccam
(I'punur u np. 2010). HoBele cenbckoXO03SHCTBEHHBIE TEXHOJOTMH HMEIOT
OoJbIlIOE 3HAYCHHUE JUIsl Pa3BUBAIOIIMXCS cTpaH. Hampumep, reHeTHYeCKn MO-
IU(UIMPOBaHHBIE, YCTOIYUBBIE K BPEIUTENSIM XJIOMUATHUK M KyKypy3a Tpe-
OYIOT MPUMEHCHUSI HHCEKTUIIMIOB B 3HAYNTEIHHO MEHBITNX 00BeMax, 9To 00-
Jiee 3KOHOMHO W 3KOJOTWYHO. MHIUBUIyamu3anus IpOCICKUBACTCS H B TCH-
HOW WH)XEHEPHH XKMBOTHBIX, KOTOPAas Pa3BUBACTCS HECKOJIBKO MEUICHHEE, HO
yKe ceidac M B MEPCHEKTHBE MMEET KOJIOCCAThbHOE 3HAUYEHHUE IS CEIECKOTO
XO3AMCTBa ¥ MEIUIMHBI (C MMOMOIIBI0 TeHHOW HWHXCHEPHH MOYKHO YBEIHYHTH
BbIXOJ MOJIOKA, YIYUYHIIUTh Ka4€CTBO HICPCTHU U T. H.).

YBeluueHne U yJelleBJeHHe NMPOM3BOACTBA NHIIEBBIX PeCypcoB —
rio0anpHas 3a7a4a 4eJI0OBEUeCTBA C YUETOM TOTO, UTO €I B TEYCHHUE HECKOIIb-
KHX JECATHJICTHH POCT HaceJdeHus 3eMiH OyneT IpoIoibKaThCs (MPeXkae BCero
B OeZHBIX M OefHeHIX cTpaHax, 0cobeHHO B AdpurKe), BOBMOXHO, JOCTUTHYB
9 unu 6omee mapa yesoBek (cM.: Population... 2012). IMeHHO OHMOTEXHOJIOTHH
MOTYT BHECTH OTPOMHBII BKJIaJ] B €€ PELICHUE. YIKE CErOfHs C UX MOMOIBIO
yJIaJIOCh C/IeJIaTh OY€Hb MHOT'O B OTHOLIEHHH POCTa 00BEMOB NPOM3BOCTBA 32
CYeT MOBBINIEHHUS YPO:KaWHOCTH, YCTOMYMBOCTU PACTEHMH K cTpeccam, Mpu-
CHOCOOJIEHHOCTH K MECTHBIM YCJIOBHSIM ITyTE€M CO3/[aHUSI HOBBIX U yCOBEpPIICH-
CTBOBaHUS yXe co3faHHbIXx MO, mpou3BOJACTBA 3HAUUTENBHOIO KOJIMYECTBA
HCKYCCTBEHHBIX IMUTATEJIbHBIX BELIECTB, B YACTHOCTH OEJIKOB.

ITnardopmoii 1T TPAaHCTEHHBIX MAaHWUMYJSIIUNA CTaJ0 OTKPBITHE YIUBH-
TEJIBHOTO CXOACTBA I'CHOMA IMPAKTUYECKHU BCEX XXUBBIX CYMIICCTB. CxeMaTH4HO
METO/Jbl TeHHOM HH)XEHEPHH MOXHO OmHcaTh Kak Bbipe3aHue yuactka JHK
C MHTEPECYIONIIUM T€HOM Y OJHOTO OpraHW3Ma M €ro MepeHoC B Ipyroil opra-
Hu3M. OOGBIYHO HYXHBIN T'€H BCTPAMBAIOT C MOMOIIBIO CIIENHAIFHOTO BHpPYCa,
KOTODBII, Kak U BCE BUPYCHI, MOMaJasi B UyXKEPOAHYIO KIETKY, BKJIECUBACTCA
B nenouky JJHK u akTuBHO camokonupyeTcsa. OTUM IMyTEM CEroJHs MOIy4aroT
Ba)kHeWIMe BemecTBa: Oeyiku, GepMeHTHI, JekapcTBa U T. 1. ['eHeTnueckas


http://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B2%D0%BE%D0%BB%D0%BE%D0%B2%D1%8B%D0%B5_%D0%BA%D0%BB%D0%B5%D1%82%D0%BA%D0%B8
http://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B2%D0%BE%D0%BB%D0%BE%D0%B2%D1%8B%D0%B5_%D0%BA%D0%BB%D0%B5%D1%82%D0%BA%D0%B8
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HMHXXEHepUs J1ajga BO3MOXKHOCTh ITOJIyY€HHsI HOBBIX CBOMCTB M Ha YpOBHE Opra-
HU3Ma. B HacTosImee BpeMs 3TO BBI3BIBACT CEPbE3HBIC OMACEHHUS y OOIecTBa
B CBSI3U C MIMPOKHM pPa3BHTHEM T'CHETHYECKH MOAW(MUIIMPOBAHHBIX OPTaHU3-
MoB. OJTHaKO, KaK 3TO 4acTO OBbIBAaeT, IPH MOIMYJISIPU3ALUN HAYYHBIC TIOHSTHUS
cwIbHO uckaxaroTes. Tepmun MO, myraroriuii 607bII0€ KOJIHMYECTBO JIFOJICH,
MPAKTUYECKH CTal CHHOHMMOM TpaHCreHoB. OJHAaKO TPaHCI€HO3 — TONBKO
OIMH U3 MHOTUX METOJOB H3MEHEHHUS I'€HETUYECKOro0 COCTaBa OPraHH3MOB.
Jpyrue, Takue Kak rHOpUIU3anys, NOJIUIUIOUINS U Ap., IPUMEHSIOTCS M3aB-
Ha, HAYMHAS C arpapHO# peBoioyu (cM., Hanpumep: bopmoyr 2001). B mo-
cJeHUE JAECSITUIETUS] OHU Jald MUPY MHO>KECTBO BBICOKOKAUECTBEHHBIX CEJlb-
CKOXO3SIICTBEHHBIX COPTOB. IIpOAyKTBI TaKUX PAacTEHUH TOXKE, ECTECTBEHHO,
SIBIISTFOTCS] TE@HO-MOTU(PUIIMPOBAHHBIMI M YacTO H3-3a HEOCTATOYHON KOMIIe-
TEHLUW YNHOBHUKOB NONAJAIOT MO/ HECTIPABEUIUBHIE 3aIIPETHI.

Hecmotps Ha pasznuusble caHKINHU, 00beMbl mpom3BoacTBa I MO B mpo-
JQYKIHUU PaCTEHUEBOJCTBA OBICTPO pacTyT. AHAJIN3 MUPOBOTO 3KOHOMHUYECKOTO
s¢dexra ucroab30BaHUI OMOTEXHOJNIOIHYECKUX KYJIBTYp MTOKa3bIBaET POCT J10-
XO/HOCTH Oyarozapsi IByM HCTOYHHKaM. Bo-IiepBBIX, 3TO COKpalleHue Npou3-
BOJICTBEHHBIX 3aTpar (10 50 %) 1 cTabuIu3aIys Wi COKpaIlleHUe CebCKOX0-
3SIACTBEHHBIX IUIONIAACH. Bo-BTOPBIX, 3HaYMTEIbHAS MpubaBKa ypoxkas (moj-
CYHMTAHO, YTO B CIIy4ae MOJIHOTO MPUHATHA OMOTEXHOJIOTHH BO BCEX CTpaHaX
K koHITy nieproga 2015 r. MupoBas mpuObsLTs B iepecuere Ha BBII BEipocia ObI
Ha 210 mupn momwtapoB CLIA B ron [Kammonckas 2011]).

Ceszannpie ¢ MO mpobnemsl, peajdbHbIE 1 MHUMEIE, TPEOYIOT 0c000T0
paccMmoTperna. OgHAKO B CPaBHEHHMH ¢ MPOOJIEMON rosiofla WM HeJoeIaHHs
OHM KaXXyTCsI MEHee BaKHBIMU. HecoMHEHHO, 4TO JaHHOE ITPOU3BOJICTBO OyAET
pactu (Tem Ooiee B CBSI3U C NPOW3BOJCTBOM OHOTOILTHBA), IMOCKOJIBKY 3TO
€IMHCTBEHHBIN CIIOCO0 PEIINTH MPOAOBOJIBCTBEHHYIO IIpobieMy. bruorexHomo-
THYECKOEe MPOU3BOJICTBO JaeT OoJiee JCMIeBhIi MUIIEBON MPOIYKT, MOBHIIIAET
YpPOXXaifHOCTh B MecTax, OBIBIIMX paHee HEMPUTOJHBIMU IS BO3/EIBIBAHUS
CeJBbCKOXO3SICTBEHHBIX KyIbTYp. [lonyueHrie HOBBIX NPU3HAKOB y CEICKOXO-
3STMCTBEHHBIX KUBOTHBIX U PACTECHHI 3HAYUTEIIFHO YKOHOMHT BPEeMsI U 3aTPaThI
Ha JIOJTYIO CEIEKIHIO.

B menom, kak yxe ObUIO CKa3aHO, YCIIEXW B T€HHOW WH)KCHEPHH CTAaHYT
OJIHAM W3 HanOoJjiee MPOPHIBHBIX HAMIPABICHUN OYyIyIIeH pEeBOIOIIHH.

BuoronymBo. C MOMOIIBI0 OMOTEXHOJIOTHH TOJTy4ar0T OTHOCHTENBHO Jie-
LIeBbIE AIBTEPHATHBHBIE HCTOUYHHUKN Heprun. Henb3s cka3arh, 4To OHOTOILIH-
BO — 3TO HEYTO HOBOE B MCTOPHH YEJIOBEYECTBA, MOCKOJBKY JPOBA, XBOPOCT
U T. T. UICIIOJIB30BAJIM C He3anaMsITHBIX BpeMeH. Ho ceituac kpaiiHe BaxHO, 4TO
9TO BO30OHOBIISIEMBIH pecypc, 00bEeMbl IPOU3BOJICTBA KOTOPOT'O CTAJIN BEJINKH
HMEHHO Oyaromapsi OmoTexHoJorusaAM. B HacTosmiee BpeMsi B MHpPE €T0 TpOu3-
BomaT B oObeme Oonee 100 mutH ToHH (B ocHOBHOM B CIIIA, EBpome u bpasu-
nun). buorommmBo ceromqus cocrarisieT 10 % oT Bcel BeIpabaThIBACGMOI JHEP-
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THH, OJHAKO, BO3MOXHO, €T0 IMpHMEHEHHEe BhIpacTeT Oomee dem B 10 pas
k 2035 r. [IpaBma, 6onpurmaCTBO (80 %) OMOMAacch! aist OHoTOIIMBa Oepercs
u3 otxoz0B Jeca (Kopetz 2013). A B CBS3M CO CTpeMJICHUEM JJIsl IOAACPKAHUS
9KOJIOTHYECKOTO OaaHca IUIAHETHl COKPATHTh WCIOJIh30BaHUE APEBECHHBI, 3TO
MOJKET CHIIBHO OTPa3UThCA HAa TAHHOM HCTOYHHUKE albTEPHATHBHOMN SHEPTHH.

3.5. MporHo3bl pa3suTus 6MOTEXHONIONMIA Ha 3aBepLualo-
wen ¢dase kubepHeTuueckom peBonroLMmn

3.5.1. PasBuTue Ao Hauasna 3aBepliarowiei cdasbl
knbepHeTnueckoi pesontouum (2010-2020/30-e rr.)

MopepHuzanyonHas (a3a, Kak ye ObUIO CKa3aHO, XapaKTEPU3yeTCsl BYMS
BaXHEUIIIMMH TCHACHIMAMU: 1) MOIITHBIM paclpOCTpaHESHHEM HOBBIX TEXHOIIO-
THIA ¢ OAHOBPEMEHHBIM MX YCOBEPIICHCTBOBAHUEM; 2) YCUICHHEM OOIICCTBECH-
HOW OOpHOBI BOKPYr HECOOXOAMMOCTH HM3MCHCHHI B TE€X WIM HHBIX cdepax
B CBSI3M C BHEJPEHHUEM HTHX TEXHOJOTHHA. 11 Toro 4ToOBl Hadajach 3aBepIia-
romiast (a3a MPOU3BOICTBEHHON PEBONIONNH, Pa3BUTHE TEXHOJIOTHI Ha MoJep-
HU3AIMOHHON (ha3e JOJDKHO JIOCTHYh OYEHb OOJBIIOrO pa3sHOOOpasus
u «uioTHOCTH». C Yy4eTOM TOro, YTO OMOTEXHOJIOTHH — 3TO WHHOBAI[HOHHBIE
OTpaci, JFOObIE CTPAaHBI, KOTOPHIE XOTAT BBIPBATHCS BIIepel, OyIOyT 0OsS3aHBI
TaK WIM MHa4ye pa3BuBaTh UX. OTMETHUM, YTO U MEXIYyHAPOJHbBIC JOKYMEHTBI,
B yacTHOcTH npuHAThIe KoHbepenmmein OOH mo okpyskarommeii cpene U pa3Bu-
tuto (Puo-ne-Xanetipo, 3—14 urors 1992 r.), Bo3nararoT JOBOJIBHO OOJNBIIHE
HAJIeXkK/IbI HA OMOTEXHOJIOTHH.

CJenoBatenbHO, ¢ OJTHOI CTOPOHBI, MBI OyJeM HAaOJII0AaTh O4YEHb HIMPOKOE
BTOp)KEHHE OMOTEXHOJIOTHIl B Hallly KM3Hb: B CUCTEMY MHUTaHHS, UCIIOJIb30Ba-
HUsI Pa3lIMuHBIX OMOJIOTMYECKH aKTHUBHBIX I00aBOK, BIMSHHS Ha HAIle TEJIO
(uepe3 MaccoBO€ PaclpOCTPaHEHHWE COOTBETCTBYIOLIEH WH(QOPMAIMH, Pa3IHy-
HBIE OTPACIH MEIHUIIMHBI, B YACTHOCTH KOCMETHUYECKYI0) U T. 1. JJOJDKHBI OBICT-
PO pa3BUBATHCS KaK YXKE CTaBIINE PEATBHOCTHIO OTPACIH (BBIPAIIMBAHUE TCHE-
THYECKH MOIU(UIMPOBAHHBIX PACTCHUH, BIUSHHE HA MPOU3BOJUTEIHHOCTH
JIOMAIITHUX >KUBOTHBIX, TIPOM3BOJICTBO OMOTOIUINBA), TAK U MEHEE pacipocTpa-
HEHHBIC CETOHS TEXHOJIOTHH, B YACTHOCTH B CO3aHUU OHOMATEPHAIIOB.

C npyroii CTOpOHBI, TakO€ HACTYIUIEHHE, HECOMHEHHO, YCWJIMT OOIIe-
CTBEHHYIO, TUIJIOMAaTHYECKYI0 H YKOHOMHUYECKYIO0 00ph0Oy MPOTHUB M3MEHEHUs
TPaJMILHHA, HAIMOHAIBHBIX OCOOEHHOCTEH, PEaJbHOTO0 HIM MHHMOTO Bpena
u T. . Takoe gBMKeHHE MPOTUB KIOHKUPOBaHM, [ MO, KOMIIBIOTEPHOH CeNek-
OUU | T. II. YK€ AMEJI0 U UMEET MECTO B Pa3HBIX CTpaHaX. DTO BIOJHE eCTe-
CTBEHHO, HOPMAJIFHO ¥ BO MHOTOM IIOJIE3HO, XOTsI OBIBAET, YTO KOHCEPBATU3M
NoJaBisieT nporpecc. MIMeHHO B pamkax 3Toi GOpbObI, HOZOOHOTIO poja KoJj-
JIU3UI MOTYT MOSIBUTHCS BAYKHBIC B MEPCIICKTUBE PEIICHUS, KOTOPBIC HE TOJIBKO
OyIyT crnocoOCTBOBaTh AOCTHXKEHHMIO Kakoro-nubo OajaHca, HO M JIaAyT MM-
MyJbC S pa3BUTUS (BCIIOMHHM, YTO 3alpeT MMIIOPTA XJIOMYAaTOOYMaKHBIX
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TKaHEH B AHIJIMIO TOCIYXWJI CITyCKOBBIM KPIOUYKOM IJIsI Pa3BUTHA €€ coO-
CTBEHHOH XJIOMYaTOOYMa>KHOHW NMPOMBIIUICHHOCTH, CTAaBIIEH KOJBIOETHIO TPO-
MBIIIUIEHHOT' O TIEPEBOPOTA).

3.5.2. Hauano 3aBepwatouwein pasbl knbepHeTnueckon
peBonOLUUN U pa3BUTHE Hay4YHO-KM6epHeTnyeckoro
npuHUMNa Nnpouw3BoACTBa

Teneps MOXHO, HCXOS U3 CETOAHSMIHUX TEHACHINH 1 00IIETO CMbICIa Pa3BH-

THSL PEBOJIIOLINY, HAMETUTH OyAyliHe BeXH PasBUTHsA OHOTEXHOJOIMH B Iie-

puon 3aBepmaromeii (as3pl kubepHeTHueckor peBorrorwm (2030-2070-e 1T.).

Kak yxe ObIIO CKa3aHO, OHA MOXKET Ha4aThCs B CPAaBHHUTENIBHO y3KOH cdepe,

OTKyJa 3aTeM HHHOBALIMM HAYHYT PACHPOCTPAHATHCSA M 3aXBaThIBaTh BCE HO-

BEIC 00JTacTH.

Pazymeercs, 04eHb CI0XKHO IpeayrajJaTh HalpaBJIeHHE U BPeMs COBepIlle-
HUSI KOHKPETHBIX OTKphITHHA. Ham mpezacraBnsgeTcs, 4To Ha caMOM IIEpPBOM 3Ta-
ne OMOTEXHOJIOTHSI KaK CaMOCTOSATENIbHOE HalpaBieHUE OyIeT Urpath MeHee
BaXHYIO pOJib, 4eM MeaunuHa. OHa BBICTYIHUT CKOpee BaXKHOW COCTaBIISAIOIIEH
MEIMIMHCKUX TEXHOJIOTHH, CIIOCOOCTBYS MPOPBIBY B 00JIaCTH U3JIe4eHHs 00-
JIe3HeH ¥ BIUSHUA Ha opraHu3M. Ho, BEpOsSTHO, IMEHHO HCIIONB3Yys OMOTEXHO-
JIOTHYECKUE JTOCTYKEHUS], YIAcTCsl 3aCTaBUTh OPTraHW3M MHOOEXKIaTh OIpese-
JICHHBIE OOJIE3HHU.

JlocTH:keHHe caMOYNPABJIAEeMOCTH CHCTeMbl 0e3 BMelIaTe/IbCTBa 4e-
JIOBeKA. YIPaBIsIEMOCTb MOBBICUTCA PaJMKaIbHO B LENOM PSJE€ BaXKHBIX CH-
CTEM, CBSI3aHHBIX C OMOTEXHOJOTHSAMH. Tak, BEpPOSTHO, NPHU TpaHCHOpManu
B OpraHu3M OyIyT MEPEHOCHTh HE OTIEIbHBIN MOJE3HBIA T'eH, a MEeIbId KOM-
IUIEKC T€HOB, 3 KOTOPHIX B 3aBUCHMOCTH OT YCJIOBHI OKpY>KaroIeit cpeasl Oy-
IyT BKJIIOYATHCA HyKHbIE. DTO OyIeT HCKIIOUYUTEIHHO BaXKHO B CIydae Cyllle-
CTBEHHBIX KOJIeOaHUIl KJIMMaTa, KOTOpbIE BIIOJHE BepOATHBL. CTaHET BO3MOXK-
HBIM TOAOWpaTe Hanboiee ONTHMAJbHBIE BapHAIMH CEMSH M PacCaabl Ui
YHHUKaJIFHOW KOMOMHAIINY TIOTOHBIX YCIOBUH B TeppuTOpruu. COOTBETCTBEHHO
OyIyT co3laHbl OTpOMHBIE 0a3bl JaHHBIX TaKMX COPTOB M Bapuauumii. He nc-
KJIFOYEHO, YTO B OyJyIeM BeCh MPOLECC IOJYyYESHUs] TPAHCTEHHOTO PacTeHUS
OyleT NpOXOANTH Oe3 yJacTHs YeJIOBEeKa, TO €CTh CTAHET CAMOYIIPABIISIEMbIM.

MoxHO mpenronaratb, 4To K KOHIY (a3bl YyHpaBJIsieMbIX CHCTEM (a BO3-
MOYKHO, U paHee) CelbCKOXO3SMCTBEHHbIE OMOTEXHOJOTHU OyIyT YK€ CTOIb
pa3paboTaHbl, YTO HAYHETCS WHIWBHIyalIbHAs IIPUCIIOCA0IMBAEMOCTb MOJH-
(UIMPOBAHHBIX MPOAYKTOB JakKe€ K HEOOJBIINM KOJIEOAHMSM MECTHBIX YCIIO-
Buil. IHBIMH cTIOBaMU, MOXHO OyZET CO3/1aBaTh BapHallMi PAaCTEHUH Jake Ui
OTJIEJIHBIX OpaHXKepel, MAPHUKOB MIIM Yy4YacTKOB IO 3aKa3zy NPOHM3BOIAUTEIEH
WIN KOJUICKIHOHEPOB. DepMepbl CMOTYT € MOMOINBIO MPOrpaMM HOAOHPATH
HMHAVMBHIYyaJlbHBIE KOpPMa M JIEKapCTBa, 3aKa3biBaTh WX 1o MHrepHery. Jlaxe
OOBIYHBIH YEJIOBEK CMOXKET IpHIAyMarh cede IMOpuI KOMHATHOTO PacTEHHS,
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MOAXOSIINH MO, MHTEPBEP, U 3aKa3aTh €0 N3TOTOBJICHHUE U AOCTaBKy. Takum
00pa3zoM, MHANBUYaIN3aHs JOCTUTHET HOBBIX yPOBHEH.

OTO e OTHOCHUTCS ¥ K JKUBOTHBIM, CPEI KOTOPBIX TOpa3no ObICTpee cMO-
T'YT BBIBOJAUTH Pa3HbIC BapHallM B paMKax OTIENBHBIX HOPOJX (MO0 Haxe 1o
WHIMBHIYaJIbHOMY 3aKa3y). BO3MOXHO, YTO CeJIeKIMsl KUBOTHBIX Ha OCHOBE
TeHHOH MH)KeHEpUH Oy/EeT TakKe Pa3BUBAThCS B CTOPOHY pabOThl ¢ MEHBLINM
y4JacTHEM YeJIOBEKa.

Pemenue ropoackux M HEKOTOPBIX JKOJOrHYecKHX npodiem. Heco-
MHEHHO, ITPOM30M YT Ba)KHBIC N3MEHEHUS B IIAHE HCIIOJIB30BAHUSI OMOTEXHO-
JIOTHH TSI PEIICHHUS 3KOJIOTHYECKUX MPoOiIeM. 31eCh MOXKHO MPEATION0XKHUTD,
YTO OMOTEXHONOTHH OyIyT BHEAPSTHCS MPEXIE BCETO B HKOJOTHH TOPOIA.
Hano ydnteiBath, 9To B OmmKalIine AECATWIETHS B TOpojax OyIeT >KUTb,
B03MOXHO, Ha 40-50 % Oompmie mozeit, yem ceigac (cm., Hampumep: NIC
2012). B ycnoBusix OBICTPOrO Pa3BUTHS HBIHEIIHUX OCAHBIX CTPAH MPOOIEMBI
AQHTUCAHUTApUH, 3200JIEBAEMOCTH U T. II. CTAHYT BECbMa OCTPBIMH. A C yUETOM
TOTO, YTO pa3jM4HbIe OOJIE3HH OBICTPO PACIPOCTPAHSIOTCS MO BCEMY MHUDY,
npoOJIeMBbI OTAENBHBIX CTPaH CTaHOBSTCS o0ImuMu. Cpean 3aaad, KOTOphIe Mo-
TEHIUAIBHO MOTYT OBITh PEIIeHbI C MTOMOIIbIO Pa3BUTHSI OMOTEXHOJIOTHH, MO-
I'yT OBITh NMpOOJIEMa OUUCTKH BOJBI, YTHIU3AIMH Mycopa, JUKBUIAIMK Opoms-
YHX JKUBOTHBIX (3TOMY OyJeT crnocoOCTBOBAaTh BHEAPEHHE I'€HOB OECIUIOAUS
WIN 4TO-JIN00 1M0/100HO0E). YKe ceifuac It OYMCTKH BOJBI IPUMEHSIOTCS MUK-
POOPraHU3MBL, C UX TOMOIIBIO TAKKE IMOJYJal0T OHOTa3 IpH YTWIN3ALHU MY-
copa. Ho B Oyaymem 3T ¥ UM HOAOOHEIE POOIEMBI OyIyT PEIIeHBI AOCTa-
TOYHO PAJUKaJIbHO MMEHHO Ha YPOBHE CO3JIaHHSI CaMOYIPABJISIEMbBIX CHCTEM,
KOTZIa YAACTCs PEIINTb HEJbIi PsiJi TEXHUUECKUX U HayYHbIX 3a/1a4.

Takum o6pa3zom, 11o00HO ToMy, Kak B kKoHle XIX — nauane XX B. ¢ mo-
MOIIBI0 OMOTEXHOJIOTHH YAaJI0Ch MOOEIUTh MAacCcOoBble HH(DEKIMH, B CEPEIHHE
XXI B. ¢ TIOMONIbIO HOBEHIIMX OMOTEXHOJIOTHI, BO3MOXKHO, YJACTCSI PEUIUTh
Haubosee ocTpbie MPOOIEMBI TOPOIOB, IIe OYAYT KUTh HE MEHEEe IBYX TpeTeit
3emisiH. Ho mpoOiiemMa 3KOJIOTHYECKHX CaMOPEryJHpYeMbIX CHCTEM, ecTe-
CTBEHHO, HE OIPaHUYUBAETCS TOPOJIaMH, OHA JI0JDKHA OBITh PACIPOCTpaHEeHa Ha
OUYHCTKY BOJIOEMOB U ApYrux skocucreM. Co3naHue SKOJIOTHIYECKHX CaMOpery-
JMPYEMBIX CHUCTEM 3HAYMTEIHFHO YMEHBIIHUT 3aTpaThl, OCBOOOIUT OTPOMHBIC
TEPPUTOPHH, 3aHATHIE MOJ| CBAIKH, MIO3BOJUT Pa3BOIUTH PHIOY B CAMOOYMINA-
IOIINXCSl BOJOEMAaX.

MO’KHO TIPEATIONIOKUTH, YTO BaXKHBIM HAIpaBJICHHEM CTaHeT paboTa B o0ia-
CTH CO3JaHMs CAMOPETYJINPYEMBIX SKOJIOTMUECKHX CUCTEM B KYPOPTHBIX M peKpe-
AIMOHHBIX MECTaXx, YTO 0OECIEUHT JIyUIlie yCIOBHA UL OTbIXa M OM3HECa.

IIpopsiB B 00J1aCTH 3KOHOMHM pecypcoB. BHOTEXHOIOTHS PEMINT MHO-
rue TiI00ajbHBIC BOIPOCHL, TaKWe KaK y/CIICBICHHUE IPOU3BOJCTBA MEIHKa-
MEHTOB M MPOIYKTOB IMUTAHHS, B TOM YHCIIC W 9KOJOTHIECKH YUCTBIX, TEM Ca-
MBIM 3aMETHO pacIIMpHB WX MPOM3BOJCTBO. PemieHne mMpogoBOIBCTBEHHOMN
po0JIeMBbl OWAET Pa3HBIMH IMyTSIMH, B YACTHOCTH 3a CUET CO3/aHMS B MAcCCO-
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BOM KOJIMYECTBE MHILEBOTO Oelika, HeXBaTka KOTOPOro B PAaLlIOHE OCTPO OILY-
ImaeTcsi BO MHOTHX OOIIECTBax (B HACTOAIIEE BPEMsl B OCHOBHOM IIPOU3BOIUTCS
KOPMOBOH 0eJI0K). YKe ceffdac ecTh pe3ylIbTaThl U IO MMPOU3BO/ICTBY IHIIEBHIX
0eNKOB WM, HAaPHMeEp, HCKYyCCTBEHHOTo Msica. Ho moka Takoe mpou3BOJCTBO
ciumkoM noporo. Ceifdac onuH rpamm sadoparopHoro msca crout 1000 no-
napoB (3aropckuii 2012), HO 3TO OOBIUHBIH ITyTh OT JA0OPATOPHUU 0 MACCOBO-
IO JICIIEBOTO POU3BOJICTBA.

Co3nanue HOBBIX MATEPUAJIOB. BO3MOXKHOCTh CO31aHMs caMOyIpaBJlsie-
MBIX M CAMOHACTPAMBAEMbIX CHCTEM C IIOMOIIBI0 OMOTEXHOJIOTHH, B YaCTHOCTH
TEHETHYECKUX MAaHUIYJISALHUHA, OTKPBIBACT BAXKHOE HAINPABIICHHE B 00JAaCTH
CO3JaHUSI HOBBIX MAaTEpPHAJIOB C 3aJaHHBIMH CBOWCTBaMH. JTO B NOTCHLHUH
MO3BOJIUT 3aMEHUTH B TOW WM WHOH Mepe NpPOHM3BOJACTBO €CTECTBEHHBIM
MYTeM TEXHOJOTUYECKOTO CHIPBS, MOIy4aeMOro OT JIOMAIIHHUX >KUBOTHBIX,
HarmpuMmep KoXu. [IOSBISIOTCS COOTBETCTBYIOLIME INPOCKTHI yXKE M CEro-
usa. Hanpumep, xommanus Modern Meadow XxoueT COBEPIIUTH HMEPEBOPOT
B LIBEHHOW NMPOMBIIUICHHOCTH, HauaB BhIpAIlUBaTh KOXKY B JabopaToOpHsix
(3aropckuit 2012).

[Mpouecc co3manHust OMOTEXHOJOTMUECKONW HATypaslbHOM KOXH Oyzaer
BKJIIOYaTh B ce0s HECKOJIbKO dTamoB. CHavana ydeHble OTOEpyT MHJUIMOHBI
KJIETOK Y )KUBOTHBIX-IOHOPOB. DTO MOXET OBITh KaK CKOT, TAK H 9K30THYCCKHE
BUJIBI JKUBOTHBIX, KOTOPBIX YaCTO YOWBAIOT TOJBKO PaIyl UX KOXKH. 3aTeM 3TH
KJIeTKH OyIyT pasMHOXEHbI B OHopeaktopax. Ha cienyromem sTane KIETKH
OyIoyT COCOMHSITBCS B €OUHYIO Maccy, KOTopas 3arteM mpu nomoinu 3D-6wmo-
npuHTepa Oyzaet chopmupoBaHa B ciou. KiieTku koxu chopMUpPYIOT KoJuIare-
HOBBIC BOJIOKHA, & KJIETKH «MsICay» 00pa3yloT HACTOSIIYIO MBIIICUYHYIO TKaHb.
DTOT mpoliecc 3aiMeT HECKOJILKO HEJIeNb, TI0CIe Yero MBIIICHHAs! U KHPOBas
TKaHH MOTYT OBITh HCIIOJIb30BAaHbI JJIsi IIPOU3BOJICTBA IHILEBBIX IPOIYK-
TOB. HecMOTpst Ha 9K30THYHOCTh M HEOOBIYHOCTh CHTYAaLUH, B NPHHIUIIE 3TO
BECbMa II0XO0XE Ha IPOIIECC CO3/1aHMsI HICKYCCTBEHHOT'O MEXa, C IIOMOIIBIO Yero
yJIaJIOCh PELINTH TPOOIEMY TEIUIOH 0K IBI.

Bospine nepcnekTUBBI OTKPHIBAIOTCS U B 00JIACTH CO3/1aHMSI HOBBIX MaTe-
PHAJIOB ISl MEIMIIUHBI, O Y€M MBI YK€ TOBOPHIIH BBILIE.

Paspen 4. HAHOTEXHOJ10I'mun

4.1. OnpeaeneHve M UCTOpUS pa3BUTUA HanpaBJieHUN

OrnpenesieHne u mapamerpbl. YemoBeUeCTBO C JABHUX MOP HCIIOIB3YEeT HAHO-
MaTepuabl, TOrga Kak NpeICTaBIeHHs O HAHOTEXHOJIOTUSX MOABHIMCH CPaB-
HUTEIBHO HeMaBHO. Tereps HaTWMYWeM HAHOYACTHI[ OOBSCHIIOT 0COOCHHBIC
CBOMCTBAa 3HAMEHWTHIX MAaTEPHAIOB, W3TOTABIMBACMBIX B JPEBHOCTH, TaKHX
KaK pasIudHBIC DIMAIH, KPACSIIHe MaTepPHaITBI, 1aMacCcKas CTajb | T. I
HaHOTEXHOJIOrMH — IMIHUPOKOE MOHATHE, KOTOPOE BECHbMA YCIOBHO MOKHO
OTIPENICITUTh KaK MeNCOUCYUNTUHAPHYIO 001acmb (PYHOAMEHMANIbHOU U Npu-
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KAAOHOU HAYKU, 000CHOBbIBAIOWYIO U pA3pabamuvlearowyio NpakmuyecKue me-
Moobl UCCIe008AHUs, AHANU3A U CUHMe3d, d MAK#Ce MeXHOL02UU U Memoobl
npou3800CmMea HAHOMAMEPUALO8 NYMeM KOHMPOIUPYeMO20 MAHUNYIUPOBAHUS
omoenbHbIMU amomamu u moaekyiamu. V3-3a macmradHoctu monstus HT
BO3HHKaeT MpobieMa He TOJIBKO UX ONpeNesIeHUs, HO M KIacCH(UKAlUK HaHO-
MPOAYKIUY, JUIS YTOYHEHUS KOoTopoil B EBpokomuccuu naxe Oblna co3fgaHa
crenuanbHas rpymnmna.

Ceiiuac B TexumyeckoM komurere ISO/TK 229 moj HaHOTEXHOIOTUSIMU
monpazymeBaercs cineaytomee (ISO 2005):

— 3HaHWE W YIpaBJICHHE MPOIECCaMu, KaK MpaBWiIo, B Macmradbe | HM, HO
He ucKiovaromnee Macmtad meree 100 HM B 0fHOM MK O0Jiee H3MEPCHUSX;

— WCIIONB30BAaHHUE CBOHCTB OOBEKTOB M MaTEPHAOB B HAHOMETPOBOM
Macurabe, KOTOpble OTJINYAIOTCS OT CBOMCTB CBOOOIHBIX aTOMOB WIIM MOJIE-
KyJI, 1711 co31anus 0ojiee COBEPLICHHBIX MaTepUalioB, PUOOPOB, CHCTEM, pea-
JIM3YIOUIUX 3TU CBOMCTBA.

Taxum 06pa3om, r1aBHOE B HAHOTEXHOJIOTHSX — UCTIOJIb30BaHHUE YACTHUI] HE
Oosblie onpenesieHHOro pasmepa (no 100 HAHOMETPOB B OJHOM HM3MEPCHUMU,
OJIMH HAHOMETP PaBEH OJJTHOM MUJUIMAPAHOM J0JI€ METpPa, WIH 107 m).

[TouemMy mMOMyNAPHOCTh TONYYHIM HMMEHHO HaHodacTWIpl? Ha sToM
YpPOBHE SIPKO TIPOSBISIETCS (DYHAAMEHTAIIFHOE CBOWCTBO MATEPHU — pPealTi3amis
B Pa3IMYHBIX €€ CHCTEMaX YacTO IUAMETPAIbHO MPOTHBOIIOIOKHBIX CBOMCTB.
Hanpumep, Ha MakpoOypOBHE 30JI0TO SIBJIAETCS MPOBOJIHUKOM, & HA HAHOYPOBHE —
HU30JATOPOM. YacTHIlbI HEKOTOPHIX MaTepuanioB pasmepamu oT 1 go 100 HaHo-
METPOB HPOSIBIAIOT OUEHb XOPOIINE KaTAINTHYECKUE U aICOPOIIMOHHBIE CBOII-
CTBa, APyrue MaTepHaibl AEMOHCTPUPYIOT YIAMBHUTEJIBHBIE ONTHYECKUE CBOII-
ctBa. Ha HaHOYpOBHE H3MEHSETCS OTHOIICHUE MOBEPXHOCTH K 00BEMY, IMpH
9TOM H3MEHSIOTCS CBOWCTBA MaTepHH. B mpupoie cymecTBYIOT HAHOCHCTEMBI,
HampuMmep OuormomuMeps! (OeNTKH, HYKJICHHOBBIE KUCIIOTHI), CIOCOOHBIE Opra-
HHU30BBIBAaTHCA B 0COOBIE CTPYKTYPHI, IPHOOpeTast HOBBIC CBOWCTBA.

Oco0OeHHOCTh HAHOHAYKH B TOM, YTO OHa OepeT Kypc Ha paboTy Henocpe-
CTBEHHO C aTOMaMH — COCTaBHBIMH YacCTHIIAMH MaTepud (OJWH HAHOMETP
paBeH YCJIOBHOW KOHCTPYKIMHM M3 JECSITH aTOMOB BOAOPOAA, BBICTPOCHHBIX
B psn). B HacTosmee Bpems ydeHBIE y)K€ HAYUWINCH YIIPABIATH OTIEIbHBIMU
aToMaM# ¥ 0O0BEAMHATH WX B OJOKH. J[pyrmmMu cioBamu, B IEPCIEKTHUBE, YTO-
OBl MMOJTyYUTh 3yOOUNCTKY, HE HYXXHO NWJINTH JEPEBO, TEOPETUYECKH MOXKHO
3aCTaBUTh aTOMEI «IIOCTPOUTEY» e¢. Tako# MoaX0]] OTKPBIBACT (PaHTACTHUCCKUEC
BO3MOKHOCTH CO3JJaHHSI HOBBIX MaT€pUANIOB C 3aJaHHbIMU cBoiicTBamu. Ilep-
CIICKTHBY 3TOTO HANpAaBJICHHUS 03BY4YMI HOOeneBckuid naypeat Puuapn Deitn-
MaH B cBOeM Jokiaje «Tam, BHU3Y, MHOTO MeCTa», clieJaHHOM uM B 1959 r.
B KanndopHuiickoM TEXHOIOTMYECKOM HHCTUTYTE HA €XKEroJHOH BCTpeue
AMEpHUKaHCKOTO (U3MYECKOro O0IecTBa. YUEHBIH IPEIIONIOKHI, YTO BO3-
MOJKHO MEXaHWYECKH IMepeMemaTh OAMHOYHBIE aTOMBI MIPY MTOMOIIN MaHHMITY-
JIATOpa COOTBETCTBYIOIIETO pa3Mmepa, 1Mo KpalHeld Mepe, Takol mpolecc He
MIPOTHBOPEUII OBl M3BECTHHIM (M3NYECKUM 3akoHaM. DefHMaH IMPeIOKUIT
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croco0 MMoaTOMHOW COOPKH OOBEKTOB, UYTO MO3BOJMIO OBI IPH IPOU3BOACTBE
COKPaTHUTh pacXolbl HA MaTepHall U 3aTpayrBacMyl0 SHEPIHIO. DTO Harpaslie-
HHe OBIJIO aKTHBHO MOAJEP)KaHO HAyKOil, Hayanach 9pa OTKPBITUS HAHOKOMIIO-
3UTHBIX MarepuanoB. B Hacrosiee BpeMsi B KaueCTBE TAaKOI'O POjAa aTOMHBIX
MaHHUIYJISITOPOB TPEJUIaraloTcs OYeHb Pa3HOOOpa3HbIE M BECbMa OCTPOYMHBIC
CPEACTBa U CHIIBI, HO JIO PEILICHHUs BOIIPOCa €Ille OUYEHb JajIeKo.

4.2. HaHOTEXHOJIOMrMM Kak pe3ynbTaT KnbepHeTuueckomn
pesonouun. PoxkaeHne HayKu u HanpasJieHUsA

Kak yxe ObUIO cKa3zaHO, IEpBblE MPAKTHYECKUE IIaTW B CO3JAaHUM HAHOTEXHO-
JIOTHH, KaK M WJAEHHOE OCMBICIEHHE JTOrO HAlpaBieHUS OBUIM CHENaHbI
B 1950-e rT. (a caM TepMHH, TI0 HEKOTOPBIM JAaHHBIM, BIIEPBBIE OBLT YIOTpeO-
neH B 1974 r. snoHckuM ¢usukom Hopuo TanuryTtn). HBIMU cllOBaMH, HaHO-
TEXHOJIOTUH CTaJIM OJJHUM U3 Pe3yJIbTaTOB KHOepHeTHueckoil peBomonnn. O -
HaKO JIOBOJBHO JIOJTO MX 3aTMEBAJIM PYTHE BaXKHBIE €€ pe3ynbTaThl. [Iporecc
OBICTPOro NMPAKTHYECKOTO pOCTa MHTEpeca K HAHOTEXHOJIOTHSM HAdYaics Ha
HCXO0JIe HadaIbHOH (a3pl KHOepHeTHIeCKOl peBomonny, B 1980-x TT., ¢ BBIXO-
JoM KHAT Dpuka Jlpekciepa « MalIuHEl CO3UIaHUS: TPAAYINAs 3pa HAHOTEXHO-
moruw» (“Engines of Creation: The Coming Era of Nanotechnology”) u
«HaHocucTeMBbl: MOJIEKYJISIpHBIE MAIIMHBL, TPOM3BOACTBO U pacdeTsd» (“Nano-
systems: Molecular Machinery, Manufacturing, and Computation). Ho
HauOoJbllIee PacHpOCTpaHEHHE TEPMHH MpHoOpeN, Oyaydd NOAXBaYeHHBIM
CMU. CnoBo «HaHOY» CTaJl0 0COOEHHO YacTO 3Byd4aTh C KPAHOB TEIEBU30POB
1 MeIbKaTh Ha CTPAHMIAX Ta3eT C HAa4aJOM «TOHKH HAHOTEXHOJIOTHI». DTO
03HAyaNo, YTO HAaHOTEXHOJIOTMHM HAa4aJll PacCMAaTPHUBATh KaK CTPATEIHMYECKYIO
oTpacib Oyaymiel TereMOHUH (Hapsiy ¢ APYTHMU: OMOTEXHOJOTUSIMHU, 3€JICHOM
SHEpreTuKo u T. A.) Ee xkoHeuHas 3a1a4a — 3aBOEBaTh PHIHOK MPOMBIIICHHO-
IO TMPOU3BOCTBA HOBBIX, B)KHBIX M BOCTPEOOBaHHBIX TEXHOJIOTHH. Brinrpas-
1asi ee cTpaHa MOJKET Ha JIOJITHeE roJibl 00eceynTh cebe 3IKOHOMHYECKUIT poCT
U pa3BUTHE.

I'onka HaHOTeXHOJOTHH Hauanack ¢ nogayu CIIA, koTopble BKIIOUUINUCH
B copeBHOBaHHWE MepBBIMU. [Ipu mpesunente KimmHTOHE Hawyamachk pa3zpaboTka
nepBoii mporpamMMel HammonansHoro HaywHoro ¢onga CIHA mo u3ydeHmio
mpob6seM HaHOTeXHOJOTHH. OOBIACHASA 3aHHTEPECOBAHHOCTh B PA3BUTHU HAHO-
TexHosioruii, KimmHTOH, B yacTHOCTH, 3asBWiI: «S BeImemnsao 500 MIIH m0iIapoB
B TekyueM ¢uHaHcoBoM roay (2001. — Aem.) Ha ToCyJapCTBEHHYIO HAHOTEX-
HOJIOTMYECKYI0 MHHIMATUBY, KOTOpas IO3BOJIMT HaM B OyaylIeM cO31aBaTh
HOBBIE MaTepualbl (IPEBOCXOMASIINE MO XapaKTePUCTUKAM CYIECTBYIOLIME
B THICSIYM pa3), 3anucarh Bcio mHpopmanuio bubmmorekn Konrpecca Ha kpo-
IIEYHOM YCTPOWCTBE, ANAarHOCTHPOBATH PAKOBbIC 3a00/I€BaHNS IIPH MOSIBICHUT
HECKOJIBKUX MOPAXECHHBIX KIETOK M JOOUTHCA APYTHX MOPA3UTEIBHBIX PE3YITb-
tatoB. [Ipemnaraemasi MHAIIMATHBA paccuWTaHa, Mo KpalHed Mepe, Ha 20 et
1 00€emaeT MPUBECTH K BAKHBIM IPAKTHUECKUM pe3yibTaram» (LHUT. II0:
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Bopucenko, Tomouko 2008; cm. Takke: Lane, Kalil 2007). ITpaktudecku ogHO-
BPEMEHHO M0 MOPYYCHHIO IPABHUTENILCTBA AHAIOTHYHYIO IPOrpaMMy Hadaild
paspabatbiBath B SImoHnu. beiiia HaMedeHa cepyst MPOEKTOB, HAIIPABICHHBIX Ha
pa3paboTky npruOOPOB HAHOMETPOBOT'O pa3Mepa, M CaMbIM 3HAYMTEIBHBIM M3
HUX cTtan npoekT Angstrom Technology Project ¢ o6bemMoM (uHAHCHpOBaHUS
B 185 muH nomutapoB. OH ObuT paccuutad Ha 10 JieT, B ero peanusaluu yyacT-
BoBasd 80 ¢upm. Crpansl 3amamgHoii EBpombl Takke BKIIOYWINCH B TOHKY
1 HavajJW IPOBOIUTH PabOTHI B 00IACTH HAHOTEXHOJIOTHH B PaMKaX COOTBET-
CTBYIOIIMX HALIMOHAIBHBIX IporpaMM. B ®PI" HaHOTEXHONMOrMYECKHE U3bICKA-
HUSI TIOAJEP)KUBAIOTCSI B OCHOBHOM MUHHCTEPCTBOM 00pa30BaHUs, HAYKH, HC-
cnenoBaHuil U TexHonoruil. B BemukoOpuTaHMM PYKOBOACTBO STHM Halpas-
neHueM ocyiectsiaser CoBeT MO (PU3MKO-TEXHUYECKUM HCCIIETOBAHUSIM,
a taroke HaumonanbHas ¢usmnueckas naboparopus. Ha aHrnuiickoM si3pIke HauM-
HAIOT M3[aBaThCsl IMEPBBIC ClEHUaNU3upoBaHHble >kypHaisl Nanotechnology
u Nanobiology. Bo ®paHuuu cTpateriro pa3BUTHs HAHOTEXHOJIOTHI ONpeers-
et HanmoHansHbIA [EHTp HAaY4HBIX HcciienoBaHuil. Tam OTKpBUICS KiyO HaHO-
TEXHOJIOTOB, OOBEAMHSAIOINHA YUCHBIX M IPOMBIIUICHHAKOB Pa3iIMYHBIX OTpac-
neir. Bee Oonpllie BHUMaHHSA HAaHOTEXHOJOTHAM yraeisercs B Kurae, FOxxHOI
Kopee, psime npyrux rocymapcTs, B 4acTHOCTH B Poccum, ctapToBbIE MO3UIUH
KOTOPOH B 3TO# 00JIaCTH CYMTAIOTCS 10CTaTOYHO Xopomumu (Iementses 2008).

Ceifyac HAaHOTEXHOJIOTHS — OJIHA WX HanOoJiee MHTEHCHUBHO PACTYIIUX OT-
pacineit 5KOHOMUKH.

4.3. PazBuTHE HAHOTEXHOJIONMI B npouecce
KnbepHeTUUeCKOi peBonoUNUn

XapaKTepUCTHUKH U BO3MOXKHOCTH HAHOTEXHOJIOTMH KaK HEeNb3s Jydlle COOT-
BETCTBYIOT KOHLENIWH KHOEPHETHYECKOW PEBOJIIOLMH, YTO HEYIUBHUTENLHO,
MIOCKOJIbKY OHU SBIISIIOTCA ee mopokaeHueMm. OHM OyayT wrpath Bce Oolee
BaXXHYIO POJIb 110 Mepe ee pPa3BOpayMBaHUA. JTANbl Pa3BUTHI HAHOTEXHOJIOTHHA
YKJIa/IBIBAIOTCS B TIEPUOU3ALNI0 KHOEPHETHYECKOH PEBOJIIONNH JjaXke Jydllle,
yeM OMOTEXHOJIOTHH ¥ MEIUIINHA.

1. Havanpaas ¢asza kubOeprHernueckoi peomonun (1950-e — nHavano
1990-x rr.) — neprox GpopMUpOBaHHs HANPaBICHHUS. Y CIOBHO TOBOPS, B OTHO-
LIEHUU HaHOTEXHONOTui 310 mepuof ¢ 1959 r., xorna Puuapn ®deilnMaH BbI-
CTYIIWII ¢ uzeel o cOopke M3 HAHOYACTHUI] HOBBIX MaTEPHAJIOB, 1O HHUIIHATHBHI
bunna Knuarona B 2000 1. DTOT nepuo XapakTepeH JTOBOJLHO MHOTOYUCIICH-
HBIMH OTKPBITHSMH, KOTOpBIE, OJJHAKO, B TO BpPEMsl ellle He IOJYyYWIN 3HAYH-
TEJILHOTO NTPUMEHEHHS.

Hampumep, /1. H. I'apkynos u U. B. Kparensckuii B 1956 r. onucanu 3¢-
¢exr Ge3przHOCHOCTH. OHM OOHAPYXKWIN SIBIICHHE CaMOIIPOU3BOJILHOTO 00pa-
30BaHUs TOHKOW TUICHKHM MEJY B Iapax TPEHUsI MEXy OpOH30H M CTaNbIO y je-
Taseil caMoseToB. JTa TJICHKA CHIDKaJla M3HOC M YMEHbINANA CHIYy TPEHHS
B 10 pa3 u Gozee. TonumHa ruteHku He npessimaet 100 HM (mogobHas cucrema
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paboTaeT B cycTaBax). ITO MpUMEp TOTO, YTO TPCHUE MPEACTABIACTCS HE TOIb-
KO KaK pa3pyLIMTEIbHbIH MPOLecc, HO B ONPE/IEICHHBIX YCIOBUIX MOXET OBITh
CaMOOPraHU3YIOIUMCSI, TIPH 3TOM OTKPBIBAIOTCS HOBBIC, HEM3BECTHBIC paHee
cBoiictBa. B 1968 r. Anpdpen Yo u [)xoH ApTyp, COTPYAHUKH HAYIHOTO TIOJ-
paszeneHus aMepHKaHCKoM kommanuu Bell, paspaboTanu Teoperndeckne oc-
HOBBI HAHOOOPaOOTKK NOBepXxHOCTEN (cM.: Pridankuna 2005: 21).

Ha sTom sTtame pa3BuTne HaHOTEXHOJIOTHH BO MHOTOM OIPEAENSIOCH CO-
3JaHUEM YCTPOMCTB 30HJOBOH MHUKPOCKOIINH U MPHOOPOB, aICKBATHBIX pa3Me-
paM HampaBieHHsA. DTH YCTPOKMCTBA SIBIISIOTCS CBOCOOPAa3HBIMU IJla3aMU H PY-
KaMd HaHOTeXxHosiora. B uactHocTH, B 1981 T. Hemerkue (pU3HMKHU co3manu
MHKpPOCKOII, C IOMOIIbI0O KOTOPOTO MOXKHO YBHJIETb OTIEIbHBIC AaTOMBI,
a B 1985 r. amepukaHnckue QU3UKHA CO3ATU TEXHOJIOTHIO, TIO3BOJISIONIYIO TOY-
HO M3MEPSTh YaCTHUIIbI AUAMETPOM B OJIMH HAHOMET.

2. MopepaunzanuonHas (asa (epuo pacrpoCcTpaHSHHsI HHHOBAIHN) — 3TO
MEPUOJI CTAHOBJICHHSI «COBPeMEHHOM HaHoTexHomorum» (1990-2020/30-¢ rr.).
HaHoTexHOJOTHM CTaHOBATCS OOJNACTHIO TMPOMBIIUIEHHOTO IPOM3BOJICTBA,
HA4YMHAeTCs HAHOTEXHOJIOTHUECKas TOHKa MEXJy CTpaHaMH, CO3Jal0TCs MHO-
KECTBA MPOTPAMM U IIeJIble HHCTUTYTHl HAHOTEXHOIOTHH. Pe3ko yBenmnanBaet-
¢s KOJIM4YECTBO TOBapoB Ha ocHoBe HT. PacTyT uHBecTuLMU B HCClEI0BaHUS,
HaHOMaTepHasbl NPOHUKAIOT B CaMble Pa3jIMYHbIe 00JAaCTH — TEXHHKY, MEJIH-
LIHHY, TPAHCIIOPT, a3POKOCMUYECKYIO M JIEKTPOHHYIO NMPOMBIIIIIEHHOCTD U T. 1.
Mo manweM aHamutukoB BCC Research (2012), o0beM mpojaxx MPOAYKTOB
HaHotexHoJoruid B 2009 . coctaBun 11,67 mupa nomnapos. Ceituac oHH CO-
CTaBILTIOT yke okoo 20 mupx gosmapos. K 2017 r. o6beM mpogax MOXKET BEI-
pactu 110 49 map.

3. BaBepmaromiast a3za KHOSPHETHUECKON PEBOJIIOIMU U JabHEHIINIA JTarl,
npeAnoaralnmii  Oyaymee pasputie HaHotexHojoruu (2030-2070-e r1r.).
Ha srom stane npennonoxxurensHo HT OynyT onHoit u3 orpacieii, KoTopsie
CTaHYT INPOPBIBHBIMHM M MHTETPUPYIOTCS ¢ Ouoslorued. B pesynprare HauHyT
OypHO pa3BUBAThCS OMOHAHOTEXHOJIOTHSI, HAHOMEAMIMHA, IOSBSATCS Camo-
yIIpaBisieMble HAHOCHCTEMBI.

4.4. Kak NposABAAIOTCA XapaKTepPUCTUKN KnbepHeTuyecKkomn
peBoNOLUMM B pa3BUTUM HAHOTEXHOJIOTUH

Co3nanne HOBBIX MaTepHAJIOB C 3aJaHHbIMM cBoiicTBamMu. OgHa U3 Bax-
HEHIINX 3a/1a4, CTOSIINX Mepe/l HAHOTEXHOJIOTHEH, — KaK 3aCTaBUTh MOJIEKYJIbI
IPYNIUPOBATECS OMPEICICHHBIM CHOCOOOM, CaMOOPIaHU3OBBIBATHCS, YTOOBI
B WTOrE IMOJYYHTh HOBBIC MAaTCpHUAIBI WM yCTpOICTBa. DTOM mpobiieMon 3a-
HUMAaETCs pa3/ie]l XUMUHU — CynpaMoJieKyssipHas xumus. OHa n3ydaeT B3auMo-
JENCTBHS, KOTOPBIE CIIOCOOHBI YIOPSAOYHTH MOJIEKYIBI OINPEACICHHBIM CIIO-
coboM, co3naBasi HOBBIE BemecTBa W MaTepuanbl. CyIIecTBYIOT pa3UIHbBIE


http://ru.wikipedia.org/wiki/%D0%A1%D1%83%D0%BF%D1%80%D0%B0%D0%BC%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%B0%D1%8F_%D1%85%D0%B8%D0%BC%D0%B8%D1%8F

A. JI. TpuHuH, J1. E. TpyHUH 223

MIPOLECCHl CAMOYIIOPSAAOUYUBAHUS, OJHUM U3 KOTOPBIX SIBIACTCS 3IEKTPOXUMHU-
YeCKOE aHOAHOE OKCHANPOBAHNE (aHOJUPOBAHNE) ATIOMUHUSA, & UMEHHO Ta €r0
Pa3HOBHHOCTB, YTO MPUBOJHUT K (POPMHUPOBAHHIO TIOPUCTHIX AHOJHBIX OKCH/I-
HBIX IUICHOK. B HacTosimee BpeMsi OTKPBITH Pa3IMYHbIE TEXHOJIOTUH B 00J1acTH
CO3/1aHUsI HAHOKOMITO3UI[MOHHBIX KOHCTPYKIMOHHBIX MaTEepHaJIOB C pa3Iny-
HBIMH CBOWCTBaMH, HalpuMep 3aIlUTHBIMH, CaAMOOYMILNAIOIIMMUCS, aHTUOAK-
TepUaTbHBIMU H T. I.

Poct camoynpasiasiemoctun cucreM. CamoopraHmsanus HAHOYACTHIY
U CaMOOpraHusymuuecs: npoueccbl. [TyOoKas CBsI3b MEXIYy CBOWCTBAMHU
HAaHOTEXHOJIOTMH M POCTOM CaMyIMpaBIIEMOCTH CUCTEM OOYCIIOBICHa BO3MOXK-
HOCTBIO TIOCTABUTH IPOIECCH CaMOOPTaHU3AIMH MAaTepHH Ha CIyXKOy delioBe-
KY, 3aCTaBUB MOJICKYJIBI U aTOMBI YIIOPSIOYNBATHCS ONpPEIeIeHHBIM IIPOCTPaH-
CTBEHHBIM M CTPYKTYPHBIM CIIOCOOOM. A IOJIy4Y€HHE HOBBIX MaTCpPHAJIOB C 3a-
JIAHHBIMHM CBOMCTBAaMH — MPSMOHU IyTh K TOMY, YTOOBI 3aCTaBUTh pabOTaTh Te
WIN WHBIE CHCTEMBI B 3aJlaHHOM pexuMme. HeyauBuTenpHO, YTO HAHOTEXHOJIO-
THM JAI0T SpKHE MPUMEphbl Pa3iu4HbIX CaMOYIpaBisieMbIX cucteM. OIuH U3
TaKUX IPUMEPOB — CHCTEMBl CAMOOYHCTKM C IIOMOIIBIO HAaHOMOKPBITHH.
Hanpumep, camoouucTka cOCyI0B OT OaKkTepuil MM MEXaHW3M CaMOOYHILCHUS
CTEKJIa aBTOMOOMIISI, 00pabOTaHHOTO CIIENHALHBIMH HAaHOIIOMMPOIsIMU. HaHo-
MOKPBITHST MOJU(DUIHMPYIOT TIOBEPXHOCTh TAKUM 00pa30M, 4TO Karuisi BOJbI Ka-
TUTCSI TO Hell, cobupas BCIO Tpsi3b, TOrJa KaK Ha IJIAAKOH IMOBEPXHOCTH,
HA00O0pOT, KaIuIs BOBI, CIIOJI3as, OCTABIISICT TPsi3b HA MECTE. DTO Ha3bIBACTCS
«otoc-3¢gdexr». Mnes mo3anMcTBOBaHA Y IPUPOABI: Y PACTEHUS JIOTOC JTUCThS
TIOKPBITHI MEJIbYAHIINMH BOCKOBBIMHU BBIMYKJIOCTSIMA M BIIQJAMHAMH, TaK 4TO
BOJIa CTEKAET 110 HUM, ITOJIHOCTHIO CMBIBAs IPSI3b.

MuHuaTOpu3anus — SBJICHUE, KOTOPOE XapaKTepHO I MHOTHX OTpac-
JIell COBPEMEHHOTO Mporpecca. Mbl BUAMM, YTO OOJIBIIMHCTBO MPUOOPOB, Ta-
JDKETOB, TPO(ECCHOHAIBHBIX MHCTPYMEHTOB U T. Jl. CTAHOBHUTCSl KOMIIAaKTHEE
n ynob6uee. [ns HT muamMaTiopmsanus Hanbomee oueBnaHa. CoBpeMEeHHBIE
MIPOLIECCOPBI  COCTOAT Oojiee 4YeM M3 MHIUIMap/Aa TPaH3UCTOPOB, HO HAHO-
YCTPOMCTBA CMOTYT YBEIMUYHUTH 3T0 uncio eme B 1000 pa3. B HacTosmee Bpems
UeT TOHKA B OTHOIIEHUH YMEHBIIEHUS! Pa3MEPHOCTU TEXHOJIOTHUECKOTO Mpo-
Lecca Al MIPOU3BOJCTBA MOJIYIMPOBOJHUKOB U YHIIOB, U3MEPSIEMOro B HaHO-
MeTpax. HekoTopbie M3rOoTOBUTENW MEpelnIn yXe K Texmporeccy B 45, 32,
28 manometpoB. Kommanus Intel mcmonp3yer nist mimaHmeToB U cMapT(OHOB
32 HM Texmporecc, a kommanusa Qualcomm s TPOU3BOJICTBA YUTIOB — 28 HM
texnpornecc. Kommnanus Intel HaunHaeT ocBamBaTh yxke 22 HM TEXMpOIIECC.
3a nocneaHue AECSTh JIET Pa3sMEPHOCTh TEXHOJIOTMYECKHX HPOLIECCOB CHU3U-
nack npuMepHO BTpoe (¢ 90 HM 10 32 HM). OOBSBIAIOTCS IUIAHBI O JOCTHXKE-
HHUHM B TeYEHHE OIMKAUIINX JIET pa3MEPHOCTH A0 7 WJIH Aaxe 5 HM. Y aacTes Ju
9TO ¥ MOJXKHO JIM OJarogaps TakOMy HMOHYKEHUIO Pa3MEpHOCTH JAOOUTHCS CO-
3[aHNS IPUHIMITHAIBHO HOBOTO TIOKOJIEH!USI KOMITBIOTEPOB, TTOKA HESCHO.
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HanorexnoJiorumn, 3Hepro3¢gppekTuBHOCTL U 3K0HOMMA. Muorue HT
HAaIpaBJICHBl Ha COKPAIIECHHWE 3aTPadudBaeMOM JHEPTHH, a TAKXKE Ha CO3JaHHE
aIbTEPHATHBHBIX WCTOYHWKOB 3HEPTHH. TaK, CHIKEHHE Pa3MEPHOCTH TEXIPO-
1ecca B IPOIeccopax He TOJIbKO YBEITHMYUBAET ObICTPOAECHCTBEHHOCTD JIEKTPOH-
HBIX YCTPOICTB U IJIOTHOCTh Pa3MEIEHUS 3JIEMEHTOB HA YUIIEe, HO U YMEHBIIAET
NOTpeOJICHNE UMH JHEPTUH. A, HalnpuMep, «yMHOE OCTEKJICHHE» MOMELIeHHH
CIOCOOHO pearupoBaTh Ha W3MEHEHHE B OCBEIIEHHOCTU U TEMIIEpaType OKpY-
JKarolel cpebl COOTBETCTBYIOUINMM M3MEHEHHEM MPO3PAYHOCTH U TEIJIONPOBO-
JUMOCTH. ECTh MHOrO pa3in4HbIX HNPOEKTOB TaKOW 3KOHOMHHM. Tak, MHpOKoe
MIPUMEHEHNE 3JIEKTPOHHONH OyMarm MHOTOpa30BOTO IIOJb30BAHHSA MOTJIO OBl
COKpaTUTh YHWYTOXEHHE JiecoB. KuTaiickie ydeHble CO3Ial CHCTEMY, KOTO-
past MOXKET BEIpabaThIBaTh IEKTPUUCCTBO, pa3yarasi OpraHNdecKhe BEIeCTRa,
OIHOBPEMEHHO € 3THM OYHIIAsi OT OPTaHUIECKUX COCTUHEHHUN CTOYHBIC BOMBI.
Aubso Jro (Yanbiao Liu) ¢ kxommeramu paspabortan (pOTOKaTaIUTHIECKYIO
TOIUIMBHYIO S4eWKy Ha OCHOBE HAaHOTPYOOK, KOTOpas, HCIOJb3Yys SHEPIHIO
COJIHEYHOI'O CBETA, pa3pyllacT COAepKaIIUECs B CTOUHBIX BOJAX OpraHMYECKHe
COCTUHEHUS U KOHBEPTUPYET XUMHUUECKYIO SHEPTHIO B DIICKTPHUECKYIO.

HanoTtexHnonoruu YKC aKTUBHO IPUMCHAIOT B CCJIbCKOM XOSHI\/IICTBG, B 4acT-
HOCTH B U3IOTOBJICHUU KOPMOB, YTO IMO3BOJIACT 3HAYUTCIIbHO CHU3UTDh UX PACXO]
1 00€eCTIeuuTh JIyYIIYI0 YCBOSIEMOCTh. B pacTeHHeBoACTBE NPUMEHEHHE HaHOIIO-
POIIIKOB, COBMEIIECHHBIX ¢ AHTHOAKTEPHATbHBIMA KOMIIOHEHTAMH, 00ECTICUNBACT
TIOBBIIICHNE YCTOWYMBOCTH K HEOIATONPUSITHBIM MTOTOIHBIM YCIIOBHSIM M TIPHBO-
JUT K TIOBBINICHHIO YPOXKAHHOCTH MHOTHMX IPOJOBOJIBCTBEHHBIX KYJIBTYD,
HarpuMep KapTodess, 3epHOBBIX, OBOIIHBIX H II0I0BO-SITOIHBIX.

4.5. NMporHo3bl
4.5.1. OKOHYaHMe MmoAepHU3aLUMOHHOM ¢a3bl

Jiidopuss oT BO3MOKHOCTEH HaHOTexHoJIOrHi. IlepBbIii 3Tam pa3BUTHA
Ha"oTtexHoJyorui (2000—-2005 rr.) aHATUTHKY CBS3BIBAIN C TaK HAa3bIBACMBIMH
«TTACCUBHBIMHM HAaHOCTPYKTYpaMmu» (MHKPEMEHTHBIMH HAHOTEXHOJIOTHSIMU), HO
B OCHOBHOM OH XapakKTEPU30BAaJICS IIPOU3BOJCTBOM H IMPUMEHECHHEM HaHOJUC-
MIEPCHBIX MTOPOIIKOB. B messix MoaupuunpoBaHusi CBOWCTB 0a30BBIX MaTepHa-
JIOB MX BBOJWIN B CaMbI€ Pa3IMYHbIE KOHCTPYKIIUOHHBIE MaTepHabl: METAJLIB
U CIUIaBBl, NOJMMEpHI, KEPAMUKY, a TaKKe B KOCMETUKY, JEKapcTBa U T. A.
B Hacrosmee BpeMs 3TO JOCTaTOYHO MPUMUTHBHOE NMOKOJIEHHE HaHOMaTepua-
JIOB YK€ IIUPOKO OCBOEHO MPOM3BOACTBOM, M MX MOXKHO OOHApy>XHUTh BO MHO-
rux ToBapax. OJHaKO JHIIb HEMHOTHME HaHOPa3pabOTKW HAIUIM MPUMEHEHHE
B BBICOKOTEXHOJIOTHYHBIX OTPACIISAX MPOMBIIIICHHOCTH.

IlepcriekTuBBI, KOTOPBIE OTKPHIBAKOTCA IPU BO3MOKHOCTH HCIIOJIb30BAHMS
HaHOTEXHOJIOTHH, MOJ0TpeBaeMble OIpeneaeHHpIMU nHTepecamMu 1 CMU, BbI-
3BaM 3U(OPHIO MIPOTHO30B, OONBIIMHCTBY W3 KOTOPBIX SBHO HE CYXKIEHO
COBITBCSL.
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IIpuBenem HekoTOpble M3 HUX. CormacHo MporHozaM MHUHHCTEPCTBA TOP-
roemu BemmkoOpuranun, k 2015 T. cipoc Ha HAaHOTEXHOJIOTHH COCTABHT HE
MeHee | TpIH [0JUIapoB B TOA, a YHCIEHHOCTh CHELHATICTOB, 3aHATHIX B JaH-
HOW OTpacnu, BhIpacTeT 10 2 MIJIH ueloBeK. IIpuMeHeHue HaHOTEXHOJIOTMH
B KOCMETOJIOTHH OysieT OBICTPO HapacTaTh M, IO OLEHKE OCHOBAaTENs KOHCAJ-
TUHTOBOW KoMIaHuu B obnactu HaHotexHoixoruit CMP Cientifica Tuma Xap-
nepa, yxe K 2012 r. o0muit 000poT peIHKa HAHOTEXHOJIOTUYECKOH (hapMarieB-
TUKU cocTaBUT okouso 3,2 tpuH gomnapoB CHIA (bama6anos 2010). Ilo mue-
HUIO pykoBoncTBa ¢pupMel Lux Research, k 2014 r. qonst o0opora HaHOTEXHO-
JIOTUH B MEAMUMHCKOW mponykuuu coctaBuT 16 %. K 2014 r. 3HaunrtenbHO
TIOBBICUTCSL POJIb HAHOOMOTEXHOJIOTHH B (papMareBTHYECKOH MpPOMBIIIIIEHHO-
cti (10 23 %) u kocMeTudeckoit orpaciu (Tam xe).

[NosBiEeHNE TaKOTO POAa MPOTHO30B BIIOJHE €CTECTBEHHO. JIIOmsIM X04eT-
cs1, YTOOBI MHHOBALIUH TOSABJIUINCH U BHEJPSUIUCH OBICTpEE, B TO XKE BPEMs OHU
HE 3aMEeYal0T OTPOMHBIX TPYJHOCTEH Ha 3TOM NYTH U HE IPUHUMAIOT B pacyer
SKOHOMHUYECKHE KPU3UCHI, KOTOPBIE MEHSIOT IJIaHbI.

Psin aHanuTHKOB npeqnonaraet, uTo yxe kK 2015 r. HaHoTexHONIOTHU Oy YT
MIPUMEHATHCA OYEHb MIMPOKO U MOSABITCS KOMIUICKCHI HAaHOCHUCTEM, a Iocie
2020 r. OTKpoOeTCs 3M0Xa «PaUKaIbHBIX HAHOCHCTEM» B BHJE HAHOPOOOTOB
u nap. Ha manHOM sTame MpowW3OWIET pa3BUTHE HAHOOMOTEXHOJIOTHMUECKHX
1 HAaHOMEIHMIMHCKUX CHCTEM, KOTOpBIC CYIIECTBEHHO M3MEHAT JKH3Hb YEJIOBE-
Ka, TPEeXAE BCEro 3HAYMTENHFHO YBEIWYHMB €€ HPOJOIDKHTENLHOCTh. OMHAKO
TEOpHsl MPOU3BOJICTBEHHBIX PEBOJIIONNI TPEJICKa3bIBAET, YTO XOTS Ha MOJAEP-
HHU3aIMOHHOH (paze ¥ BO3HUKAET MHOXKECTBO HHHOBAIIMii, OHU B OCHOBHOW CBO-
el Macce He SBJISIOTCS CTOJb MPOPBIBHBIMH — CKOpPEE Pa3BUBAIOIINMHE H YIIyd-
LIATOIIMMH, @ MHOTHE BOOOIIE OKa3BIBAIOTCS MAIOBOCTPEOOBAHHBIME . OHO-
BPEMEHHO TOTOBSITCS OTKPBITHS, KOTOpPBIE CTaHyT OCHOBOHM i mpopsiBa. Ho
IIPOPBIB IPOU30MIET M03XkKe. B OTHOIIEHNN HAHOTEXHOJIOTHH OH, CKOpee BCero,
npugercs Ha 2030—2050-¢ rr. Ycnexu HaHOTEXHOJOTHIA, KOTOPBIE PsiI UCCIIe-
nosateneit otHocuT K 2020-M TT., TakuM 0O6pa3om, OyayT UMeTh MecTo (HO, KO-
HEYHO, JTAJIEKO He BCE M3 HUX) Ha OJHO — TPU JAECATIIETHS Mo3xke. TeM He me-
Hee U B OMyKaIie JIeCATUISTHS ToTydaT pa3BUTHE pa3lIndHbIe yXKe Onpo0o-
BaHHBIE CErOJHS JOCTI)KEHHS B Pa3HBIX 00JACTSIX, B TOM YHCIE B CEILCKOM
xo3siicTBe. B wacTHOCTH, B HacTosIlee BpeMs CO3/IAI0TCs MUKPOOHBIE Ipera-
paThl Ha OCHOBE aCCOLMATHUBHBIX, SHIXO(DUTHBIX U CHMONOTHYECKUX OAKTEpHH.
OTH npenaparhl NpeJHa3HaueHbl U UCTIOJIb30BAHMS B KAYECTBE NMPOAYIIEHTOB
U TPAHCIIOPTEPOB B PACTEHHAX PA3INYHBIX (PEPMEHTOB M HU3KOMOJICKYIISIPHBIX
OMOJIOTUYECKUX AaKTHUBHBIX BelIeCTB (HaHOOOBEKTOB). [lociemHne criocoOHBI
yJIydmiaTe afanTalyio PacTeHHH K HEeOIarompusaTHBIM (hakTopaMm cpenbl: 3a-
TPSA3HEHUIO TOKCHYHBIMH METAJJIAMH, 3aCOJICHHIO, TOBBIMICHHON KHCIOTHOCTH

2 BCIIOMHIM, CKONBKO yAMBHTEIBHBIX MALIMH, B TOM UHCIIE JAK€ BEIMHCIMTEIBHBIX, OBUIO H300-
pereno B XVII-XVIII BB., HO O4€Hb MHOTHE U3 HUX JH0O0 BOOOILIE HE ObLIM CO3aHbI, TUO0 ObLIH
MPOU3BEACHBI B SIMHUYHBIX dK3EMIUIPAX.
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u T. A. [IpuHIMIManbHO pa3paboTaH KOMIIEKCHBIN MOAX0[ K MPOIECCY MOIy-
YEHUsI BBICOKOKAYECTBEHHOTO IMOCEBHOTO Marepuana. OH COCTOHMT B TOM, YTO
OMOTIOTNYECKN aKTUBHBIE M (PUTOCAHUTAPHBIE KOMIIOHCHTHI, IPEIHA3HAYCHHbIC
JUISL TIOBBIIICHMS aJaNTallid CeMsSH M PAacTeHHH K peaJlbHbIM HETraTHBHBIM
YCIIOBUSIM OKPY’KaloIlleH cpesibl, KOHCTPYUPYIOTCS B BHUAE TOJU(PYHKIIMOHAIb-
HBIX HAHOYHIIOB.

Takum obpazom, HT mocreneHHo OyayT CTaHOBHUTbCS HEOTHEMJIEMOH da-
CTBIO IPOU3BOACTBEHHBIX MIPOIIECCOB U )KU3HU YETIOBEKa B IIEJIOM.

4.5.2. HaHOTEXHOJ/I0rMMN KaK coCTaBHasA 4YacTb NpopbiBa
B 3aBeplwiamoulein paze knbepHeTUUECKON peBoJIIoLUMn

B 6yoywem paszsumuu HT npocaesicusaromces éce xapakmepucmuku KubepHe-
MUYECKoU pegoioyuu. CO30aHUe MexHOI02Ull YNPABIaeMblX cucmem (8 Komo-
PbIX HAHOPOOOMbL CAMOCMOSIMENLHO WU KAK YACMb 00ee CLONCHOU MEeXHON0-
2uu Oy0ym uepams 8adCHYIO pOilb), NPOU3BOOCHIBO HOBLIX MAMEPUALO8, IKOHO-
MU Mamepuanos u dHepeuu (nymem, Hanpumep, OOCMABKU MUHUMATLHBIX
nopyuil 1eKapcmea HenocpeocmeeHHo 6 NOPAXNCEHHYIO 001acmv Ui oaxce
6 OmoenbHble KIeMKU), MUHUAMIOPU3AYUS, MOYEYHOCHb 0eticCeUll u m. 0.

CpsA3b ¢ MeIunMHOI: Oojbmme moTeHuuu. HecMoTps Ha cepbhe3HBIE
ycrexu HT B anekTpoHHKE M APYTrUX OTPACIAX, HACTOSIIAS PEBOJIOIHS HAHO-
TEXHOJIOTHH, CKOpEee BCEro, MPOM3OUIET CHadala B MEAWIUHE, Y4TO JacT JIO-
MTOJTHUTEIBHBIA TOTYOK K Pa3BUTHIO B IPYTHX 0oONacTsIX. B uTore mpopsiB B 3a-
BepIaromei (aze KHOSPHETHUSCKONW PEBOIIOIMU OyIeT obecredueH o0bennHe-
HHEM MEIUIHHBI ¢ OMOTEXHOJOTHAMA W HAHOTEXHOJOTHSIMH, HA OCHOBE Yero
BO3HUKHYT PAa3JIHUYHBIE TEXHOJOTHH YIpPaBIseMbIX cHCTeM. OTxnenbHbIe
HAIpPAaBJICHUs CIMSHUSI OTHX OTpacield Mbl yKe pacCMaTPUBAIH B MPEIbIILYIIHX
paszenax. B 1ienoM mepcrneKkTUBBl TAaKOTO CIMSHUS BUAHBI yXke cerogss. Taxk,
10 HEKOTOPHIM TMPOTHO3aM, XUMEpPHbIE HaHOOUOCTPYKTYpPHI (CHOCOOHBIE
TPAHCIIOHMUPOBATH 10 OPTaHU3MY MEAWIMHCKHE HAHOAATIHNKH, JICKApPCTBCHHEIC
IpenapaTsl U JaKe PEMOHTHBIE KJIETKH) OyayT pa3paboTaHbl B OimpKauime
10-12 ner u yxe depe3 15 yieT BoiayT B IOBCEHEBHYIO NpakTHKy. Ho BrioiHe
BEPOATHO, YTO 3TO MPOU30UIET HECKOJIBKO Mo3xke. HeCOMHEHHO, UTO Ba)KHBIM
HanpaBJeHUEM Pa3BUTHsI HAHOTEXHOJIOTHH CTaHET aKTUBHOE HCIIOJIb30BaHHE
UX B JJUArHOCTHKE W CO3/IaHMM MCKYCCTBEHHOI'O MMMYHHTETA (STOT OIBIT YK
nMeercs M B Hacrosimee Bpems). B MHcruryre MonekynsipHOH Ouosorun
uM. B. A. Darensrapra PAH Ha 6a3e HAaHOTEXHOJIOTUH CO37]aH OMOYHII, TI03BO-
JISIOMAN 32 HECKOJIBKO YacOB TUATHOCTHPOBATH PAJ OMACHBIX 3a00JeBaHUM,
K KOTOPBIM OTHOCHUTCSI, HAapuMep, Tyoepkye3. O4eHb MepCIeKTHBHBIM OyeT
pa3BUTHE HAHOTEXHOJOTHH MPH CO3/IaHUH MaTepUaIOB, HMUTHPYIOIIUX CBOM-
CcTBa OHMOJIOTHYECKUX, HAPUMeEp KOCTHYIO TKaHb. C IOMOIIbI0 HAHOTEXHOJIO-
THHA YK€ TPOU3BOIAT TaKWe ONepaliy, Kak HaHOHEHPOBSI3aHWE Pa30pPBaHHOTO
IJIa3HOTO TPAKTa, MMIUIAHTALMS MPOTE30B C BBICOKOW TOYHOCTBIO, KapAHOXH-
PYPrHYECKHE H T. J.
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OpmHO W3 HampaBJeHWI, HA KOTOPOM CKOHIICHTPHUPOBAaHBI OTPOMHBIE yCH-
JIUSL HAHOTEXHOJIOTHH, — 60opbba ¢ pakom. Hampmmep, MacTuTyT paka B CIIIA
BBIACIIWI Ha 3TU UccaenoBanus 150 MiH nomapos.

MOXHO HpPOTHO3MPOBATH, YTO JIEYEHHE paKa CTAaHET BO3MOXHBIM, Kak
TOJIBKO Hal/IeTCs CIOCOO TOYEYHOro BO3ICHCTBUS Ha ONpEACNEHHBIA CIOW
KJIETOK B J1I000M Mecte opranu3Ma. OJTHaKO He MCKIIIOUEHO, YTO paK MOOesT,
HE YHHUYTOXAas CaMU PaKOBbIE KJIETKH, a C IIOMOILbI0 MeToa O0ophOBI C MeTa-
crazamu. PaboTsl 31ech BeAyTcs 1O pa3sHbIM HarpaBieHHsM. Bo3moxHo, 1oa-
CKa3Ky JacT caM OpraHu3M. YCTAaHOBJICHO, HAIllpEMEp, YTO B TKAaHIX Cepira
MeTacTa3bl He BO3SHHKAIOT: OYCBHIHO, CYIICCTBYIOT MEXaHHM3MBI 3aIlUTHI, KO-
TophIe ele npeacrout mouaTeh (Marx 2013).

BoT HECcKONBKO MPUMEPOB HOBHIX HampaBiICeHHH OOpHOBI C OHKOJIOTHEH,
OCHOBaHHBIX Ha HAHOTEXHOJIOTHSX.

Hanpumep, pa3zpabatbiBaeTcsi CHCTEMa JICUCHUST pAKOBOH OIMYyXOJIH Ha OC-
HOBE HarpeBaHMs HAaHOPA3MEPHBIX YaCTHIl OKCHJAA Xeljie3a, KOTOphle BBOAST
B OOJIbHYIO TKaHb ¥ BO3ACHUCTBYIOT MarHUTHBIM II0JIEM, B pe3ylIbTaTe 4ero ya-
CTHIIBI HarpeBaloTCs U pa3pylaroT KiIeTkd. Iloka 3TOT MeTox MpOXOAUT CTa-
JIMI0 KJIMHUYECKHUX HCTIBITAaHUH, 0HAKO MPOJIOJDKUTENIBHOCTh )KU3HU OOJIBHBIX,
MPOIIEANINX KypC, 3HAUUTEIbHO MPEBHIIIANIa CPOKH, NpeanoaraeMple Bpada-
Mmu. [IpoGnema B JaHHOM MeTOJ€ — TOYHOE BBEJCHHME YAaCTHUI] OKCHIA JKene3a
B KJICTKY OITyXOJIH.

Hupexrop JlabopaTopun HaHOOTOHUKH, Tpodeccop YHuBepcurera Paiica
B XbroctoHe Haome Xanac u [Mutep Hopanenaep coznanu HOBBIM Kjacc HaHO-
YaCTHUI] C YHUKAIFHBIMU ONITHYECKAMHU CBOMCTBAMHU — HAHOTHIIB3EL. VIMes mua-
MeTp B 20 pa3 MeHbIIle, YeM y KPACHBIX KPOBSHBIX Telel] (3pUTPOLUTOB), OHH
CBOOOIHO TepeMeIIalTcs Mo KPoBsiHO# cucreme. K MOBEPXHOCTH THIIb3 OCO-
ObIM 00pa3oM MPUKPEIUISIOTCS CHEeNUAlIbHbIe OSJIKH — aHTUTENa, OPaXKAIoIINe
pakoBbIe KIETKH. Yepe3 HeCKOJIBKO 9acoB IOCJIE UX BBEJICHHS OpraHu3M 00iry-
Y4ar0T WH(PPAKPACHBIM CBETOM, KOTOPBI HAHOTHWIIB3BI MPEoOpa3yloT B TEIIIO-
BYIO JHEPTHIO. DTa 3HEPrUsl pa3pyllacT PakoBbIe KIETKH, IMPHYEM COCEIHHE
3JI0OPOBBIE KJIETKH MIPH 3TOM ITOYTH HE TIOBPEKAAFOTCS.

Baxxnoe HampaBieHue UcCIe0BaHNI B 00JIaCTH JIEUEHHST OHKOJIOTHU — aB-
TOMAaTUYECKOE «YMHOE» MONaJaHie HAHOUACTHUI B IOPAKEHHBIE PAKOM KIIETKH.
Hanpumep, ToIbKO MUJUTHOHHAS JI0JIs1 PEBOJIIOIMOHHOTO BEIIecTBa JUIsl OOpb-
Obl C OHKOJIOTHYECKUMH 3a00JIEBAHUSIMU — T'€pLENTHHA, CTABIIEr0 CraceHHeM
JUISL 3HAYWTEJBHOTO YHCJIAa OOJNBHBIX PAKOM MOJIOYHOW JKeJe3bl, OmajiaeT
B OOJIBHYIO KJIETKY, BCE OCTAIBHOE MOpakaeT 340pOBbIe TKaHU. | pyrma amMepu-
KaHCKMX YYCHBIX H300pesia CHeNHalIbHYI0 MOJENb KalCyidsl W3 HOPHCTOrO
KPEMHHS, B KOTOPYIO IOMEIIAIOTCS Ipernaparsl M agpecHO OTIPABIIOTCA
B OonpHYIO KIIeTKy. Ceifuac 3Ta METOIMKA TaK)Ke MPOXOAUT KIMHUYIECKHE HC-
neiTanns. Yaensiid u3 CIIIA Mapk [[pBuc n3o0pen crienyanbHBIA MOIYIb, KO-
TOPBIA HAIOMUHAET IO COCTABY Caxap W IMOITOMY HE OTTOPTaeTCsl OPraHu3MOM
U He BbIBOAUTCA. JlekapcTBO MOMENIAeTcs B AAaHHBI MOAYJIb U MOXET Xpa-
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HUTBHCS B OpraHusMe Henenmo. OHO HINET OIMyXOJb IO KPOBEHOCHOH CHCTEME.
PakoBbie KieTKH OoJiee KHUCHbIE, YeM OOBIYHBIC, U, HAXOMAS TaKUE KJICTKH, Kall-
CyJa pacKpbhIBaeTCS W BBITYCKAeT CHIbHOE JeKapcTBO. IlomoOHoe neueHme
npomen OOJBHOM Ha IMOCHEAHEH CTaAWU paka MOKEIYAOYHOW JKele3bl, Ha
craguu MeTacTtas. OH XKHBET JI0 CHX IOp U JaXke He OOJIbICEN, KaK Mocie MpH-
MEHEHHS XUMHUOTEpPaIuH.

Bynymee HanpaBieHre MEAUIUHEBI — Pa3BUTUE METOJIOB JUATHOCTHKHU U UX
yIelieBiIeHre. BaxHyro ponb 34e€Ch MOTYT ChIrpaTh HAHOYHUIIBI, O KOTOPBIX MBI
yxe roBopunu. HauayT npuMeHATbCAS HAaHOPOOOTHI, KOTOPBIE OYIAYyT HE TOIBKO
BBINIOTHATH JIe4eOHbIe (PYHKINH, HO M CMOTYT JOCTABIIITh MUTAaHHE HEIOCPE-
CTBEHHO K KIJIETKAM 4YEJIOBEKa M BBIBOAUTH MPOIYKTHI KH3HEACATECIBHOCTH.
HaHOpoOOTBI MOTYT HCHOJNB30BAaTHCS JUIA PELICHHUsS IMHPOKOTrO Kpyra 3ajad,
BKJIIOYas IMArHOCTHKY M JieueHHne Oosie3Hel, 60ppOy CO CTapeHueM, AJI mepe-
CTPOMKHM HEKOTOPBIX YacTell OpraHM3Ma YellOBeKa, U3TOTOBICHUS Pa3IHYHBIX
CBepXNpouHbIX KOHCTpYyKuuit (bamadanos 2010).

HOHHTHO, YTO 4acCThb MHOFOOGCH.[&IOHII/IX TGXHOJ'IOFI/Iﬁ, Ha KOTOPBIC CCTOOHSA
OIMUpacTCsa MPOrHo3MpoOBaHUC, B Z[ﬁﬂ])HGﬁIlIEM OKaXYTCsd HE CTOJIb YCIICUTHBIMHU.
Ho HeT HMKAaKOrO COMHEHHMS, YTO HCIIOIb30BaHNE HAHOMATEepHaIoB, HAHOPOOO-
TOB, HNPUTOAHBIX IJId HCCICOOBAHUA, U APYTHUX HAHOTEXHOJIOTHI co3ganyT
Ba)KHBIE TPEIIOCHUIKU JIJIsl OYAYIEei SMO0XH yNpaBlsieMbIX CHCTEM B 00JIaCTH
MEIHULUHBI.

CBs3b ¢ OMOTEXHOJIOTHSIMM U CEJIbCKUM XO03s1iicTBOM. J[pyroe Ba)xHOE
nanpasinenue HT — nccnenoBanus B 00nacTv mpUMEHEHHST HAHOOMOTEXHOJIO-
ruii. K HUM OTHOCSITCS TE€XHOJOTHMHM HO HAIPaBICHHOMY OEIKOBOMY CHHTE3Y
JUISL TIOJIy4€HHsI NENTUIOB C >KeIaeMbIMH MMMYHOTE€HHBIMHU cBoiicTBamu. Co-
3al0TCA BCKTOPHBIE CUCTEMBI JI1 KIIOHUPOBAHUA UMMYHOJIOTHUYCCKU 3HAYU-
MBIX O€eNKOB BO30yauTenel 0oyie3He M BaKIMHBI HOBOTO IOKOJICHHS, o0ana-
IOIMe BBICOKOHW aKTMBHOCTBIO M 0e30MacHOCThIO. BemyTcs mccienoBaHus 1o
oIy~
YEHHIO HAHOYACTHUI] T€HHO-WHXCHEPHBIX IPOTEHHOB, pa3padoTKe OMOYMIIOB
n TECT-CUCTEM IJIA OHOJIOTHYECKOTO CKpUHHUHI'a, UMMYHOJIOTUYECKOI'0O MOHU-
TOPHHIA M IPOTHO3MPOBAHMS ONACHBIX M AIKOHOMHYECKH 3HAYMMBIX MH(DEKIU-
OHHBIX 3200JICBaHUI )KHUBOTHBIX.

MoXHO mpennoyokuTh, 4to ¢ nomompo HT u ucnonszoBanust poboToB
pa3paboTka ¥ NpPUMEHEHHE OWOTEXHOJIOTMH CYIIECTBEHHO IPOJIBUHYTCS B
HAMpaBJIEHUU CO3JaHUS CaMOPETYIHPYEMBIX CUCTEM BEJICHHS CEJIBCKOIo XO-
3SHCTBA, TJIE CEIbCKOXO3IHCTBEHHBIE ONlepaluy Oy IyT OCYIIECTBIISITHCS B 3HA-
YUTEJIHHON Mepe B aBTOHOMHOM pekrMe. BO3HUKHET MHOKECTBO TEXHOJIOTUH,
CHOCOOCTBYIOIIMX 3TOMY. Tak, BHEIPEHHE MEMOPAaHHBIX CHCTEM OYHCTKH,
a TaKk)Ke CIEHUATIbHBIX OMOIMIHBIX TIOKPBITHI U MaTEpHAIIOB HA OCHOBE Ceped-
pa OymyT cmocoOCTBOBaTh YIIPOIICHUIO M MOBBIIICHUIO YPOBHS COAEPKAHUS
CeNbCKOXO3SHCTBEHHBIX JKUBOTHBIX M 00ECIICUEHUIO MX KadeCTBEHHON BOJIOM.
IIpennonaraercs, 9T0 NPUMEHEHHE HAHOTEXHOJIOTUHI MO3BOJIUT U3MEHHUTD TEX-
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HUKY BO3JIENBIBAaHMS 3eMEJb 33 CUET HCIOJIB30BAHMS HAHOCEHCOPOB, HAHOIIE-
CTHIMJOB W CHCTEMBI JCTICHTPAIN30BAaHHON OYHCTKH BOIBI. HaHOTeXHOIOTHH
CHETAI0T BO3MOXKHBIM JIEYCHHE PACTCHWH HAa TEHHOM YPOBHE, ITO3BOJIAT CO-
371aTh BBICOKOYpOJKaifHbIe COpTa, 0CO00 CTOMKHE K HEOIaronpUsTHBIM YCIOBH-
sm (banabanos 2010).

PaznnyHble mepcneKTHBLI MPAMEHEHUs] HAHOTEXHOJIOTHII B KNOepHe-
THYECKOl PEBOJIONHAH W HA 3PeJIbIX 3TANaX HAYYHO-KHOEPHETHYECKOTO
NMPUHIANA MPOU3BOACTBA. [lepCcrekTUB y HaHOTEXHONOTHI MHOTO. [lomyuar
pa3BUTHE KOMIOHEHTH HAHOAJIEKTPOHHUKH, (DOTOHMKH, HEHPOAIEKTPOHHBIX WH-
TepdelicoB M HAHODICKTPOMEXaHUIECKHUX CHCTEM. 3aTeM Ha 0ase IMOITy4eHHBIX
Pe3yIBTATOB TUIAHUPYETCS OCYIISCTBUTH IEPEX0]] K YIPaBIsIeMOl caMocOopke
HAaHOCHCTEM, CO3[aHUIO TPEXMEpPHBIX CeTei, HaHOpOoOOTOB W T. A. ['oBopAr
TakKe 00 NCTIOIP30BaHUH MOJICKYIISIPHBIX YCTPOICTB, aTOMHOM JW3aiHE U T. 1.
OcoOcHHO 3aMaHYMBEIC IEPCIICKTUBBI BUAATCSA B Pa3BUTHH HAaHOMEXAaHUKH,
HAaHOMAIIMHOCTPOCHHUSI U HAHOPOOOTOTEXHUKH.

YKe 1OBOJBHO JaBHO BO3HHKIA HJes] KOMIIBIOTEPOB, I CO3/IaHUE U Xpa-
HeHue HMH(pOPMAIMU OCYIICCTBISIETCS HE IOCPEICTBOM OCOOOTO COCTOSHHUS
cpennl (MAarHUTHOM, DJICKTPUYECKOMN, ONTHYECKOH), a ¢ TIOMOIIBI0 HAHOTEXHO-
JIOTHH, HapuMep 3aMeHbl KPeMHHs, OCHOBHOTO CErOJ[Hs MaTepuaia B IpOH3-
BOJICTBE TMOJYIMPOBOJHUKOBEIX YCTPOWCTB, Ha YIJCPOIHBIE HAHOTPYOKH.
B stoMm ciywae 1 6ut mHGOpMAINU MOXKET OBITH 3allMCaH B BHUIE CKOIUICHUS,
Hanpumep, 100 aToMoB. DTO Ha TMOPSIKA YMEHBITHIIO OBl pa3Mephl MPOIecCco-
POB WM IPUHIMITHAIEHO YBEJIUYMWIO UX ObIcTpoaelicTBre. B HacTosmee Bpemst
YHUCIIO TPAH3UCTOPOB B Tpolieccope nocturio 1 mipa u Gonee. OnHako emre
HECKOJIBKO JIET Ha3aJ FOBOPHIIOCH O Ienu co3aanus k 2010-Mm rT. mporeccopa
¢ 6osee yeM OJHUM TPHUIUTMOHOM TPAH3UCTOPOB (YTO MPUBENIO OBl K pajuKaib-
HoMy pocTy Bo3MmoxkHocTeit IKT). Ckopee Bcero, Imoka 3To MajopeaibHas 3a-
Ja4a, 9ToObl pemuTh ee naxe B 2020-e TT., 70 Havana 3aBepmiatomieil (aser Ku-
GepHeTHYCCKOi peBomoriH>-. JlyMaeTcsi, IPUOIIDKEHHE K STOMY YPOBHIO IPO-
N30MJIET TO3KE, YIKE B MPOLEcce Pa3BUTHsI 3TOH (pa3bl (3TO TakKe OTKPHIBAJIO OBl
IIMPOKYI0 HHIIY TOJIHOW 3aMEHbl WH()OPMAIIMOHHO-KOMIBIOTEPHOU TEXHHUKH
B CBSI3H C IIEPEX0JIOM OT HCIIOJIF30BAaHISI KPEMHHS K HAHOMaTepHaam).

OpHako HE HWCKIIOYEHO, YTO CaMble Maylble KOMITBIOTEPHI CO37anyT Ha
MIPUHIUIHATBHO Apyroi 6aze. [To O. [lpekciepy, Takoi 6a30i MOXeET CTaTh HE
HAHORJIEKTPOHHKA, a HAaHOMEXaHWKa. MM mpenioXeHbl MeXaHW4ecKHne KOH-
CTPYKIIMH JUII OCHOBHBIX KOMIIOHCHTOB HAaHOKOMITBIOTEPA — STYEEK MaMsITH, JIO-
rudeckux O0aiToB. OCHOBHBIMH WX KOMIIOHCHTAMH SIBIITIOTCS BJIIBUTAeMBbIC
U BBIIBUTAEMbIC CTCP)KHH, B3aUMHO 3amluparomue ABmkeHus npyr apyra (ba-
nabanos 2010).

% p. Kypuseiin yrBepxaaer, uto k 2020 I. epCOHaNbHBIE KOMITBIOTEPhI JOCTHIHYT BBIYHCIHTETb-
HOH MOIITHOCTH YEIIOBEYECKOT0 MO3ra. DKCTPANOINUS Pa3BUTHS TEHICHIHH, KOTOPYIO JIIOOHT
ucrons3oBath Kypimeiln, TeM He MeHee, paboTaeT 10 ONpeAeNeHHOro mpexpena. Iloka Taxue
HPOTHO3BI BHITIISIIAT MAJIOBEPOSTHBIMH.
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W3 0co0BIX CTPYKTYp, TaKuX Kak (yimiepeHsl, HAHOTPYOKH, HAHOKOHYCHI
U IpyTHEe, MOTYT OBITh COOpaHBI MOJIEKYJIH B (popMe pasHOOOpa3HBIX HaHOE-
Taseil — 3yOuaTeIX KoJec, MITOKOB, JEeTaJei MOJIIUITHUKOB, POTOPOB MOJIEKY-
JSIPHBIX TYpOWH, MOJBIIKHBIX Y3JI0B MAaHMITYJISITOPOB | T. 1. COOpKa roTOBBIX
JeTaned B MEXaHUUECKYI0 KOHCTPYKLIUIO MOXKET OCYIIECTBIIATHCS C UCHOIb30-
BaHHEM acceMOJIepoB (CaMOCOOPIINKOB) C MPHUKPEIUIEHHBIMH K JIeTaJsiM OHo-
JIOTHYECKUMH MaKpOMOJIEKYJIaMH, CIIOCOOHBIMH H30UpPATEeIbHO COEAMHSTHCS
apyr ¢ apyrom. OdeHp HarJsiHO 3TY WJAECI0 BOILIOIIAET B JKM3HBb Mpodeccop
xeiimc Typ u ero kosuiern u3 Texacckoro yHuBepcurera Paiica, KOTOpble
B 2005 T. co3manyu MOJNEKYIIPHYI0 MEXaHHUECKYI0 KOHCTPYKINIO — IETbHOMO-
JIEKYJIAPHBIA YETBIPEXKOIECHBI HAaHOABTOMOOWIb IIMPHHOW OKOJO 2 HaHO-
METpOB, paboTaromuil Ha sHepruu cBeta. OH COCTOST MPUMEPHO U3 3 COTEH
aTOMOB M UMeJ pamy U ocu. Ha pa3paboTky u co3maHne HaHOABTOMOOMIIS IMO-
TpeboBanoCh BOCEMb JIeT. B MmiraHax y4eHBIX — CO34aHHE IPY30BBIX HAHOTPAHC-
MOPTHIX CPEACTB, HAaHOTPY30BHUKOB, Ul IEPEBO3KH MOJEKYJI K KOHBeWepaMm
HaHo(abpuk (Tam xe).

Pasymeercst, 3T0 Ooublie MOX0XKE Ha UIPYLIKH, YeM Ha MCCIICAOBAHUS IS
MPAKTUYECKOI0 NPUMCHCHUS. B 4yeM-TO OHM HaOMHUHAIOT TMapoBbIC UI'PYLIKH
rpeueckoro Mexanuka ['epoHa AjekcaHIpUiicKoro, H3yMiIsIBIIME 3puteneii B [ B.
H. 3. OT HUX JI0 TapOBO MaIIMHKEI ObLIO O4YeHb Jayeko. Ho B orTiumuue ot ['e-
pOHa, KOTOPBIH ake ¥ HE AyMajl O IPaKTHIeCKOM MPUMEHEHNH 1apa, HbIHeII-
HHE HAaHOTEXHOJIOTH 03a004YEeHbl MMEHHO IPaKTHYECKHM HpuMeHeHueM. Ilo-
3TOMY CO3/1aHHE HAHOMAIIMHOCTPOEHMSI — BIIOJIHE PeasIbHAsL, XOTS U HE CTOJb
6mm3kas, nepcnektuBa. Ckopee BCero, 3To MPOHM30MIET Onmke K KOHILy HBbI-
HeIIHero Beka. To jke MOXKHO CKa3aTb U 0 HaHopoGoToTexnuke. [Ipenmonara-
€MbIC KOHCTPYKIUH HaHOpO6OTOB U UX HUCIIOJB30BAHUE B HACTOANICE BPEMSA
CYIIECTBYIOT TOJIbKO B IMPOTHO3aX, OTYAaCTHU B q)aHTaCTI/I‘IeCKI/IX pacckasax
U QpuIBMax.

Ectp mueHne, uro B 2030-¢ IT. HAHOYCTPOWCTBA OyIyT MMITIAHTHPOBAHBI
B YEJIOBEUYCCKUMA MO3T U CMOT'yT OCYIIECTBJIATH BBOJA W BBIBOI HCO6XO)II/IMI)IX
CHTHAJIOB W3 KJIETOK MO3Ta M YTO Ja)Ke, BO3MOXKHO, 3TO IIPHUBEICT K OTCYyT-
CTBHIO HEOOXOMMOCTH 00Y4EHHS U IOJTydeHus: oOpa3oBanus. Ho 310 BhI3BIBa-
er Oonpuive coMHeHus. Takas KHOOpru3auus eciii U OCyIIeCTBUMa B NPUHIIH-
Ie, TO MPOU30UIET CYIIECTBEHHO TO3XKE.

B niobom cuyvae 0”66”()H0, Ymo U HaHoMawuHocmpoeHue, u HGHOPO60mbl
nodHuMym paseumue camoynpasiiemsblx cucmem Ha HOBbIL YPOB€Hb 6 Hanpae-
JIeHUU YOpMUposanus ompaciu, komopas Oyoem co30asams maxue cUucmembl
(n0006HO MOMY, KAK OM UCHONB308AHUA MAULUH NEPEUTU K UX NPOMBIULEHHO-
MY CO30AHUIO — MAUUHOCPOEHUIO).

3aknruyeHume

OmnncaHHbIe NMPOLECCH TOJDKHBI OBUIH 1T0Ka3aTh CIIPABEUIMBOCTh HICH, YTO 3a-
Bepuiatommas gaza KuOEpHETUUECKOH peBONIIOIMU OyJeT 31oXoi OypHOro pas-
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BUTHS caMoOyIpaBisieMbix cucteM. COOCTBEHHO, yXe ceifdac MBI MOIb3yeMCs
MHOXXECTBOM ITOJJOOHBIX CHCTEM, HO HE BOCHPHHMMAEM HX TaKHM OOpa3oM.
Jpyrue eme He HAIDIM ITUPOKOTO NPUMEHEHHS, KaK CaMOOYHINAIOIIHECS
CTEKJIa, HO JAOCTaTOYHO CKOPO OHM MOTYT CTaTh YacThiO Halllel MOBCETHEB-
HOW mpakThkH. C MOSBICHHEM MAIlMH B HPEAIICCTBYIONINE BEKa IOSBUIOCH
1 MHOXECTBO SIPKMX IPO3PEHUH 00 MX OyaylieM IpUMEHEHUH, HO TaKXKe Macca
(baHTa3Mi, KOTOPBIM HE CYXJIEHO OBUIO peatn3oBaThCs. Tak ¥ CeromHs TPYAHO
ONpPENENINTh, YTO CTAHET PEaJbHOCTHIO, a UTO HeT. Ho HeT coMHeHus, 4To pas-
BUTHE NPOUCXOJUT UMEHHO B HANPaBICHUM CO3/aHHS CaMOYIPABIISIEMBIX CH-
cTeM. Briepeam >kner pacuBeT Takoro poja cHcTeM, KOTOpble OyayT paboTaTh
B OCHOBHOM aBTOHOMHO, KOHTPOJIUPYS TP 3TOM BaXKHBIEC aCIEKTHI )KU3HH de-
JIOBEKa, KaK CErOJHS KOMIIBIOTEpHBIE MHporpamMMbl opdorpadun HauMHAIOT
KOHTPOJIMPOBATh Balll CTHJIb WJIM 3HaHME s3bIKA. Bce 310 Tpedyer riy6okoro
OCMBICIICHHS ¥ pa0OTHI B 00JIACTH MUHIMHU3AIIMH BO3HUKAIOMINX IPOOIIEM.

Kak yxe ckazaHo, KHOepHETUYECCKAst PEBOJIOIHS (KaK U JIF00as MPOU3BOI-
CTBEHHAsl PEBOJIIOLMS) HECeT ¢ coOOM NepeMeHbl BO BCeX cdepax MPOHM3BO-
cTBa 1 o0yacTsX ku3HU. OIHAKO ATH NepeMeHbI OyIyT HIPOUCXOJUTh HE OJIHO-
BpPEMEHHO. B 3TOI CBsI3M €CTh CMBICH CKa3aTh HECKOJIBKO CIIOB 00 M3MEHEHHSX
B Ipyrux cdepax.

Jemorpadus. Kaxnas daza npou3BoJCTBEHHON PEBOJIOIMU 00s13aTEILHO
CBsI3aHA C JieMorpaduuecKkuMy U3MEHEeHUsIMU. B 1eioM jxe B pe3yibTare mpo-
W3BOJICTBEHHOW PEBOJIIOIMN M3MEHSETCSl THI JieMorpaduieckoil MOJean Boc-
MIPOM3BOJICTBA HACEIECHUS. DTO BBIPAXKAIOCH B PAJANKAILHOM yBEIWYEHHH YHC-
JICHHOCTH HaceJIeHHs W TEMIIOB €ro mpupocra. B TeueHne mepuona arpapHoi
PEBOJIIOIMY YHCIIEHHOCTh HACEJICHHS U €TO IUIOTHOCTH BBIPOCIH B JICCATKH pa3
(c HECKOJIBKMX MWJIIMOHOB JI0 COTEH MMJUIMOHOB 4eJoBeK). B mporecce numy-
CTPUAJIIBHOW PEBOJIIOLMHU YAAJIOCh PE3KO CHHU3UTh CMEPTHOCTh M YBEIHYIHUTH
MIPOAOJDKUTEIBHOCT JKU3HU. B I11eI0M 4HCIEHHOCTh HAaceJIeHHs OYeHb CyIle-
CTBEHHO BO3pOcCia (HampuMmep, HaceleHHe BennkoOpHTaHMM 3a CTONETHE
¢ cepenuabl XVIII no cepenmust XIX B. BeIpocio B mATh pa3). M3mernnack
1 CTPYKTypa HaceJCeHHUSA: TOPOJCKOE HACENIEHHE CTalo OBICTPO PACTH 3a CYET
CeJBCKOTO.

B pesynbrate HauanmbHOU M cpenHeil (a3 KMOSpPHETHUECKON PEBOJIIOIMN
MIPOUCXOTUT OAHOBPEMEHHO THTAaHTCKUH POCT 00IIIero HaceneHns 3eMiu. JTOT
POCT KOCHYJICS TIPEXJIE BCEr0 Pa3BHBAIOIIMXCS CTPaH, MPEACTABIss, MO CYTH,
MIPOJIOJDKEHNE TEHICHLMH JeMorpadMueckoil peBOJIOIMN HHAYCTPHAILHON
snoxu. Ho ¢ apyroif cTOPOHBI, B Pa3BUTHIX CTpaHaX MPOM3ONLIO 3aBEpPIICHHE
neMorpaguueckoil PeBOJIIONMK — TaK Ha3bIBaeMBIM jJeMorpaduyeckuii mepe-
X0, KOTOPBIN 3aKIII0YaeTCsl B CHIDKEHUM poxaaeMocTH. OIHOBPEMEHHO 3Ha-
YUTENIBHO MOBBICHINCH NMPOAOIDKUTEIBHOCTD KH3HM M ee KadecTBo. Jlemorpa-
(bugeckuil mepexo — ATO yxKe pe3yabTaT COOCTBEHHO HadanbHOU (a3sl Kndep-
HeTH4eckol peBomounu. Henapom cerogHst Bo Bce 0OJIbLIEM 4YHCIIE pa3BUBa-
IOLIUXCS CTPAH POXKIAEMOCTD MaJaeT.
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BbiBoa. DTO faeT HaM OCHOBaHHE MPEIOJararh, 4To 3aBepiaromas dasa
KHOEPHETHYIECKOM PEBOJIONNH H3MEHHUT Ka4eCTBO U MPOIOIDKUTEIBHOCTD YKI3HH
(4TO y’Ke UMEET MECTO) M BHECET M3MEHEHHS B 3aKOHOMEPHOCTH BOCIPOHM3BO/I-
CTBa HaceneHus. He HCKIIOYEHO, YTO BBIPACTYT MacIiTaObl HCKYCCTBEHHOTO
OIUIOJOTBOPEHMS, & B OYAYIIEM CTaHET PEalbHOCTBHIO M HCKYyCCTBEHHOE BBIPa-
[IMBaHUC JETeH BHE MATEPUHCKOM MIAIICHTBL

dHepreTuka. B xone mpeamecTByOMKX IPOU3BOACTBCHHBIX PEBOJIOLMIL
MEHSLICS TaKXKe HCTOYHHK JHEPTHU. B pesynbrare arpapHOil peBOIOLIN CTaIN
HCIIONB30BaTh OHMOJOTHUYECKYI0 DHEPTUI0 — CHJIY JKHBOTHBIX, B Pe3yJbTare
HPOMBIIIICHHON — CHaYajIa CUITy BOJIbL, 3aT€M €€ 3aMEHMII 1ap.

1 Havana KUOCpHETHYIECKOW PEBOJIOLMH Y)KE UMEJCS aJeKBAaTHBIN HC-
TOYHUK SHEPIUU, UM MOXKHO CUUTATH BJICKTPUYECCTBO. I/I[[eﬂ O TOM, YTO HOBBIM
BEAYIIUM HCTOYHHUKOM OHEPIruM CTAHCT TCPMOAACPHAA, BOOOpOAHAA WU HHOU
HOBBIN BHJ DHEPTHH, IOKA HE pealn30Baiach. BO3HMKAeT BOIPOC: JOJDKCH JIN
MOSIBUTHCS aJICKBATHBIA MUCTOYHUK SHEPTHH IS 3aBepIIarolici (aspl kuobepHe-
THYecKoil peBonmonuu? OMBIT NPEIIeCTBYIONINX PEBOJIOLUUNA TOBOPUT O TOM,
9TO 3TO BOBCE HE 00s3arenbHO. [lepexon K HPPHUraliOHHOMY WHTCHCHBHOMY
3eMJIe/IeIHI0 He TpeOoBall 00513aTeIbHOTO UCIIONIB30BAHMUSI TATIIOBOM CHIIBI JKH-
BOTHBIX, TAKXKE U NEPBBIC CCKTOpa MAaIIHHOMN MPOMBIIIJICHHOCTH BIIOJIHE 00-
XOJMITUCH JAaBHO HU3BECTHBIM BOJHBIM HCTOYHHKOM 3Heprud. OIHAKO MO3KE,
B KOHIIE 3aBepluaroiieil $ha3bl IPOU3BOACTBECHHON PEBOJIFOLUU U BO BPeMs Iie-
pexXoJia K 3p€iibIM dTanaM MpUHIIUIIA TPOU3BOACTBA, YK€ BO3HHUKAJIN HOBBIC UC-
TOYHHKH JHEPIUH (TaK, 3aBepILICHHUE arpapHOil PEBOJIONNH B HEIOJIUBHBIX 30-
Hax ObUIO CBSI3aHO C MAIICHHBIM 3eMIICICIIUEM C HCIIOJIb30BaHHEM OBIKOB U BO-
JIOB; a 3aBEpILICHUE WHAYCTPHAIBHON PEBOJIIOLHU — C HCIIONB30BAHUEM I1Apo-
Bod sHepruu). OTMETHM, 4YTO B OOOMX Ciy4asXx 3TO He ObLia aOCOJIOTHO
HEM3BECTHAS JIFOISIM SHEPTHs. DHEpPrusl Mapa SIU30[UYECKH HCIIONB30BAach C
XVII B.

BeiBoa. [{ist Havana 3aBepuiaronieil (a3pl KHOCPHETHIECCKOH PEBOIIOLMH
NPUHIMITHAIEHO HOBOTO UCTOYHHKA YHEPTUH HE MOTPEOYeTCsl, O3TOMY pa3BH-
THE albTePHATHBHON JHEPreTHKU He OyJeT Urparh 3/eCh PEIIAOLICH POJIH.
OHAKO HOBBIA MCTOYHWK SHEPTHH JOJDKEH TOSBUTHCS JIHOO B TIpoIecce 3a-
BEpILICHHUs PEBOJIOLMH, THOO HECKOJIBKO To3ke. Takxke, ckopee BCero, OH He
OyaeTr abCONMIOTHO HEM3BECTHBIM U HE MCIOJBb3YeMbIM paHee. BeposTHee Bcero,
6.]'[31"0)13.135[ TCXHUYCCKUM HHHOBALHUAM, YHACTCA «MIPHUPYUYUTH» WU CIACIATH HT0-
CTaTOYHO JOCTYIHOHW TOT WM WHOW BHJ albTEPHATHBHOI SHEpruu (BOAOPOI-
HOM{, TepPMOSIEPHOM, CONHEYHOM; 100 ITO OyneT u300peTeHne JIerko 3amaca-
€MO¥ DJIEKTPOIHEPTUH, KOTOPasi TAK)KE PELINT M BOIPOC C HCTOYHHKOM JHEP-
TUH UL 9KOJIOTHYHOTO TpaHcnopTa). Ha 3pernbix sTanax MpUHLUIA TPOH3BOI-
CTBa TAKXKE MPOUCXOAAT U3MCHEHHUS B 00JACTH YHEPIETHKH, KOTOPHIC CO3AaI0T
0a3y ISl HOBOIl MPOM3BOACTBEHHOM PEBOMIOLHHU (TaK B MMEPHOJ 3PEIOCTH ar-
papHO-PEMECIICHHOTO MPHHIMIA IPOU3BOACTBA TaKMM CTajld CHIa BOJBI, HC-
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MTOJIF3yEMOM ISl TIPUBENICHHS B IBIKCHNE MEXaHN3MOB, a B TICPHOJ] 3PEIIOCTH
HHAYCTPHAIBHO-TOPTOBOTO TPHHIIUIIA TIPOU3BOACTBA — ANIEKTpodHeprus). Ho
KaKasi SHCPTHs MOSBUTCS B KOHIIE HAYYHO-KHOCPHETHYCCKOTO MPUHIIMIA TPO-
W3BOJICTBA, ITOKA CJIOXKHO MPEICTABHUTE.

TpaHcmopT U KOMMYHHKAUHH. B KOHEYHOM cyeTe MPOM3BOJICTBEHHAS
PEBOIIOIHS 0053aTENFHO M3MEHSIET CIOCOOBI TPAHCIIOPTHPOBKU U KOMMYHH-
kanuu. Ho 3mech TpyOHO BBIACIHTH KaKHe-THOO UYETKHE 3aKOHOMEPHOCTH.
Tonpko B Hadase eAMHCTBEHHOH (IIPOMBIIUICHHON) PEBOJIONNHA OJHUM H3 €€
JIOKOMOTHBOB CTaJI0 Pa3BUTHUE TPAHCIOPTA: JAIbHOXOAHBIE MapyCHbIE Cyaa
CBITPAJIM PEIIAIOIYI0 POJIb B OpraHMU3allMl OKEAaHWYEeCKOI TOPTroBIHU, CTaBIICH
OJIHUM W3 JIBUTaTeNell KOMMYHHKanuu (cBsi3M). MBI MMeeM B BHAY H300peTe-
HUEC KHUI'OIICHAaTaHU. EHIC CYHICCTBCHHEC 6I)IJ'Ia POJIb HOBBIX BHJOB CBA3U
U KOMMYHHKAllUM B Hadajie KuOepHeTHdyeckoil peBomronuu. Takum obpazom,
HadaJbHbIC (ha3bl MPOU3BOICTBCHHON PEBOIIONHUA MOTYT OBITH OOYCIIOBIICHBI
MOSIBICHMEM HOBBIX BHJIOB KOMMYyHHUKauu. OJHAKO TS 3aBepIuaroiieii ¢assl
MIPOU3BOJICTBEHHOW PEBOJIOLUN 3TO HEoOs3aTeNbHO (M XOTS MHUCHbMEHHOCTD
MOSIBIJIACh Ha MOPOTe 3aBepIuaromieil Gpa3pl arpapHoil PeBONIONNH, €€ POJb HE
ObLIa pemIaromnie).

BeiBoa. B Onmkaiiiue AeCSITUICTUS MOSIBICHHE MPUHIIMITHAIBLHO HOBBIX
BHJOB KOMMYHHUKAITH BPS I BO3MOXHO. Pa3BuTHE KOMMYHHUKAIMI MOITHO
MIPOTPECCUPOBANIO B TIOCICAHHUE IECATHICTHS M B IIEJIOM Ja)ke 00OTHAJIo0 00-
i ypoBeHb pa3BuTusa. Ckopee BCero, MPUHIMNHAIGHO HOBBIE BHABI MacCo-
BOIl KOMMYHHUKAIIMHA MOTYT IOSBHTHCS TOJNBKO Ommke K KoHIYY XXI crometws.
Opnaxo MowmHbIM nporpecc B cymectByomux MKT, kak Mbl mucanu BbILUE,
BITOJTHE BO3MOJKEH B T€UEHHUE OJIMKAMIINX TPeX-4eThIPEX IECITUICTUH.

Kak yxe ObIJIO CKa3aHO, MO-Pa3HOMY IIPOUCXOIMIN M U3MEHEHHS B OTHO-
IICHUU TpaHCIopTa. ATrpapHas peBOJIONHS He Oblla K HUM IpuBs3aHa. [lepe-
X0/l Ha BEPXOBOM TPAHCIOPT U OCBOCHHE MOPCKUX KOMMYHHUKALMI IIPOU30ILIN
yXKe B Tpollecce ee 3aBeplieHrs Ha nepudepuu u B OoJiee MO3THUA TEPHUOI.
[IpoMmbIIeHHAsT PEBOTIONMS HA €€ HAYalIbHOH (pa3e OblIa CBA3aHA C HATHIUEM
YK€ ONMPOOOBaHHBIX OKCAHMYECKUX CYJIOB, CIIOCOOHBIX IUTaBaTh IPHU JIFOOOM
(a HE TOJBKO MOITyTHOM) BETpE, KOTOPHIE, MPaB/Ia, MOIYIIIN OOJIBIIOE Pa3BH-
THe B Xoxae pepoironmu. C 3Tol mHHOBanuel ObLTH CBs3aHBI U Benmkue reo-
rpadudecKue OTKPHITHS, 0€3 KOTOPBIX MPOMBINUICHHAS PEBOIIONHS 3aXJICOHY-
nmack Opl. Ho mosiBneHme mapoxonma ¥ TeM 0Oosee MmapoBO3a MPOU3ONUIO YXKE
B KOHIIE 3aBeplaromieii (pasbl MPOMBIIUICHHOH peBoowmn>’. TlosBIeHHe HO-
BOTO BHJA TPaHCIIOPTa MPHUIAN0 i OrpoMHBIA pa3max. HoBbie BHIBI TpaHC-
MopTa MOSBHINCH TOPA3a0 MO3Ke (ABTOMOOWIIL, CAMOJIET), M UX OBLIO BIIOJHE

% IIpaBna, B Aurmuu B XVIII B. Obia co3aaHa nenasi CeTh KaHANOB, YTO HEJIb3sSl CUUTATh HOBBIM
BUJIOM TPAHCHOPTHBIX KOMMYHHUKAIU, XOTs 3TO, OECCIIOPHO, CHITPAIO CBOKO POJIb B Pa3BHUTHH
HPOMBILIICHHOTO TIEPEBOPOTA.
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JOCTaTOYHO Il Hadaja KuOepHeTmdecKod pemomronmu. OHa, pa3ymeercs,
BHECJIa OYeHb CYIIECTBEHHBIE MOJCPHHU3ALIMI BO BCE BHIBI TPAHCIIOPTA, HO IIO-
Ka HUYEro NPHHLUIMAILHO HOBOI'O HE co3laia (KOCMHUYECKHH TpaHCIOPT
HE B CUET), €CIM HE PacCMaTPHBAaTh CKOPOCTHBIC JKeJe3HBIC JOPOTH (HO OHU
UTPAIOT BTOPOCTENICHHYIO POJIB).

BeiBoa. B cepenuHe mnm koHIe 3aBepriaromiei (a3bl KHOCPHETUIESCKOM
peBomtormu (npumepHo 2050—-2060-¢ TT.) MOKHO OXKHIATh MOSIBICHHUS KAKHX-
00 HOBBIX BHJIOB TPAHCHOpPTA. DJIEKTPOMOOMIL ¢ OOJBLIMM 3armacoM Xoja
1 CKOPOCTH MOT OBI CITY’)KHTh BO3MOKHBIM IpuMepoM. Ho ¢ yaeToM «cMbiciay
KHOCpHETHYECKOH PEBONIONHU (KaK PEBOJIOIMH CAMOYIIPABISIEMBIX CHCTEM)
MIPOPEIB CKOpEE BCETO MPOW30MIET B HANPABICHHH aBTOHOMHOTO IBIDKCHHS
TPAHCIIOPTA W €r0 yHpaBieHHsA. To eCTh TpaHCIIOPTHHIE CPEICTBA U CHCTEMBI
CTaHyT CaMOYIIPABISIEMBIMH. Y Ke CETOJHs eCTh HEKOTOPhIe HAMETKH peajn3a-
IIUH 3TOH BO3MOYKHOCTH.

Coenuanu3anus. [Ipou3BOICTBCHHAs PEBOJIONUS KOPSHHBIM 00pa3oM
MEHSIET CIeUHaIn3alHio JIIoAeH, UX npodeccroHanbHble HaBbIKH (KOMIIETEH-
LIMK) U CO3AaeT MOTPEOHOCTh B HOBBIX. 3eMJIeeliel] M PEMECICHHIK CMEHUIIN
KOMIIETEHIIMM OXOTHHMKa W coOHpartellss B IEPUOJ] arpapHOi PEBOJIIOLHU.
A ¢ mosIBIEHWEM METaJUIOB MCYE3JIM CHEUUAIHCThI 10 00paboTKe KaMeHHBIX
opynuit Tpyaa. Ho B amoxy arpapHoil peBOIIOIMH, TEM HEe MeHee, H3MEHEHUs
MIPOUCXOTUIIA CPAaBHUTEIHHO MEIJICHHO.

[IpakTudeckn Bech MEPHO/ MPOMBIIUICHHOHN peBomtonuy, HaunHas ¢ XVI B.
U, o KpaifHe# Mepe, 1o nocieaneii Tpetn XIX B., mpoiren noj 3HakoM 00pb-
OBl KBAMH(UIIMPOBAHHBIX MAacTepoB ¢ JleBrahaHOM TEXHHUYECKOTO Iporpecca.
HcTopus 3TOTO0 Meproia MEeCTPUT SMU30JaMH 3allPpeTOB Ha M300pETEeHUs, MPU-
HATHUEM NPEACTABUTCIIAMU LIEXOB PA3JIMYHBIX CTCCHAONIUX 3aKOHOB, I/ICTOpHeﬁ
pa3pyuiuTeneit mamvH, 1 T. 1. IIpu 3ToM OCHOBaHUS ISl TAKOTO POJa 3aIIPETOB
1 CTeCHEHHUH OBUIM caMble cephe3HbIC: yXY/IIEHHE KauecTBa NMPOIYKIUH, Ma-
JeHne 3apaboTKOB, KOHKYPEHIMS CO CTOPOHBI JIO/IEH, HE MMEIONINX HYKHOU
podecCHOHAIBHOM MOAroTOBKH. OHAKO B UTOT€ MAIIMHBI 3aMEHUIN PydHOE
MaCTEPCTBO, BOJIHBI TEXHOJIOTHYCCKUX I/IHHOBaHI/II\/’I CMEJIN TEJIBIC OTPAIBLI CIIC-
nuanucToB. HavaneHast (1 qaxke cpefnss) ¢a3za KHOSPHETHIESCKOM PEBOJOIIH,
0COOEHHO TIPH PacIpOCTPAHEHNH KOMITBIOTEPOB, TAKXKE AN OTPOMHOE YHCIIO
ClIydaeB 3aMeHbI POPECCHOHATBHOTO MaCTEPCTBA, B TOM YHUCIIE B 00JIaCTH MH-
TEJUICKTYAIBHON JEATEIFHOCTH: HA0Opa, W3JaHHsS KHUT, XYPHAJIOB H Ta3erT,
nepeBosia, coopa wHpoOpMaNUK, OHMOIMOTEYHOTO0 M apXMBHOTO Jeia, Nu3aiiHa,
pexinamel, ¢pororpaduu, KHHEMATorpaguu U T. 1. U T. . HeyauBuTenpHO, 4TO
y)Ke He 3a TopaMH BpeMs, KOT/ia KHUTH B IpeXHEH GopMe CTaHyT papUTETOM.
[TosiBiIeHHE BO3MOXKHOCTH «caM cebex» (pexuccep, U3aarelb, XyA0XKHUK, (OTo-
rpad u T. I.) cTajgo 3HAMEHUEM BPEMEHH.

BbiBoa. B HeMeHbllel cTeneHn JajbHEelIee pa3BUTHE MOJOPBET OCHOBBI
el1e 0YeHb MHOTUX TpodeccHii — oT Bpada (0 4eM BBIIIIE IIIJIa PeYb) U YIUTEIS
JI0 HSHHU U HAJIOTOBOTO MHCIIEKTOpa. B 1iemoM o0mmid Kypc pa3BUTHUS TOJDKCH
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MONTH TIO IIYTH COKPAICHUS YHCICHHOCTH 3aHSTHIX B LEJIOM PSE CEKTOPOB
ctepsl o0cy)kuBaHuA (KaK IMPOCTHIX BUAOB, TaK U 00JI€e CIOXKHBIX), HO OIHO-
BPEMEHHO MOTpedyeTcss MHOrO HOBBIX mpodeccnid. CokpalleHue 3aHITHIX
B chepe 00CITy)KMBaHHS HE B ITOCIIEAHIOI 04Yepeb OYAeT MPOUCXOANTD 33 CUET
pa3BUTHUS POOOTOTEXHUKH.

PoGororexnuka. [Ipuniunel GpyHKIHOHHMPOBAaHHS POOOTOB M BO3MOXKHO-
CTH WX HCIIOJb30BaHUS O4YEHb XOPOIIO OTBEYAIOT HJiee OYpHOIO pa3BUTHUS ca-
MOYIIPaBIsIEMBIX cucTeM. Kpome Toro, TOJIBKO Takoro poja yCTpOHCTBa CMOT-
J1 OBl pemuTh MpodieMy o0CTyKUBaHUS Bce O0Jiee MHOTOYHCICHHOTO TOXKH-
JIOTO TIOKOJICHUSI ¥ B HEKOTOPOH CTETNEHH PEeIINTh MpolieMy HelocTaTka pado-
yel cuibl. [103TOMy HET HHMKaKoro COMHEHHS B TOM, YTO 3TO HAIpaBIICHHE
paHbIlIEe WX TO3KE XKIAET OojblIoe Oymymiee, XOTd ceifuac 00beM MHPOBOTO
IIPOM3BOJICTBA POOOTOB BECbMa HEBEIHMK — BCETO HECKOJIHKO MIJIIHAPAOB I0J-
nmapoB. Ho ero B3ner, ckopee Bcero, CMOXKET IPOU3OUTH yKe MOCIIE 3aBepiie-
HUsI KHOSPHETUUECKON PEBOJIIOIIMY MM B KOHLIE Hee Ha 0a3e co3aHus TeXHO-
noruit Oyaymero. bumn I'eiitc B 2007 r. cuuTal, 4To poOOTOTEXHUKA HAXOMIHU-
JIach B COCTOSIHMHM, TTOJIOOHOM TOMY, B KakoM Haxoawiuck O9BM B 1970-x rr.,
koraa onu c¢ [lonom AnneHoM ocHoBanu komnanuto Microsoft, npennonaras,
Mo-BUIUMOMY, 4TO B 2030-€ IT. pOOOTOTEXHUKA CTAHET CTOJIb )K€ BaKHOU, KaK
ceroans UKT. OnHako, gymaercs, 4yTo Aaxe depe3 TPUALATH JeT poOOTHI Bce
eme He OyoyT OYeHb MIMPOKO PACHPOCTPaHEHbI, a OypHBIA BCIUIECK PA3BHUTHS
pobotor npomsoiiner npumepHo B 2050—-2060-¢ rr. Beap maxe mo onTUMECTH-
YECKUM IIPOTHO3aM SIMOHCKOW acconuamnuy 110 BOIPOcaM pPOOOTOTEXHHKH,
K 2025 r. 060poT poOOTOTEXHHYECKOH OTpaciu cOCTaBUT Bcero 50 mupa moi-
napoB (I'eiitc 2007), TO ecTh 00BEM, COBEPIIEHHO HEIOCTATOYHBIN IS TIepe-
BOPOTa B SKOHOMHKE. B 1110600M citydae IpOTHO3BI B OTHOIIEHHH COBCEM CKO-
POro MOSIBJIEHHST YMHBIX POOOTOB HE COYAYTCS, XOTS 9TH HJIEH LIEHHBI JJIs HaC
y’Ke TeM, 4TO SIPKO AEMOHCTPUPYIOT BaXKHEHIIYIO XapaKTePUCTUKY KHOEpHETH-
YEeCKOH PEBOJIIOINH — POCT CAMOYIIPABISIEMOCTH CHCTEM.

B cBoeit kaure «Jeru pasyma» I'. Mopasek (Moravec 1988), pac-
Cy)X[Ias O BIMSHUH 3aKOHa Mypa Ha pa3BHTHE [MBWIN3ALUH, TPE]-
ckaspiBan Oyayimiee podororexHuku. OH yTBepkaai, uro B 2010 r.
MOSIBSITCSL MOZAEIN POOOTOB, YbM WHTEIUICKTYaJbHBIE CIIOCOOHOCTH
OyAyT WACHTHYHBI MO3ry simiepuiibl. OHM OYAyT HCHOJB30BaThCA
IUIsl yOOPKHU TIOMeIIeHHH 0e3 BMeIIaTeNbCTBa JIIOACH M HEKOTOPBIX
IOpyrux neiei. Mopasek yTBepkaaer, uto euie uyepes 20 ner Oyayr
CO3JaHBl MOJIENIU C YMCTBEHHBIMHU CIIOCOOHOCTSIMU 00€3bsiHBI. Takue
poboThl cMoryT 0Oe3 yka3aHWi 4YeloBeKa OMpEACSTh MPOCTEHINNE
TEXHUYECKUE W OBITOBBIC MPOOJIEMBI U 33/1a4d U pPellaTh UX CaMo-
CTOATENFHO. OTO ObUT ObI, JEHCTBUTENLHO, OIPOMHBIA IIar B
HAMpaBICHUN CO3/IaHHsI CAMOYIMPABISIEMBIX CHCTEM HOBOTO THIIA.
OpHako, CKopee BCEro, MpOIecC CO3AaHHs Takux poOoTOB OymeT
CYIIECTBEHHO 0oJiee ATIHUTEINeH.
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IIpaBoBbIe, 3THYECKHE, MeJaroruieckue U HaeoJormueckue mpoodJie-
MbI Pa3BUTHA MeJHMIMHBI. Yem OblcTpee MPOUCXOOUT HAYYHO-TCXHHYECKUI
mporpecc, TeM TpyAHee oOIIecTBY yCIeBaTh 3a H3MEHEHISIMH, TeM Ooee THO-
KOM CTaHOBUTCS MOpaJlb, H3OLIPEHHEE — MIPAaBO, TeM OOJbIIE MOSBISETCS BCS-
KHX MEHBUIMHCTB, OTCTAHBAIOLIMX CBOM, JTAJICKO HE BCEr/a MOHSATHHIC, NPaBa,
TEM TOJIepaHTHEe CTaHOBUTCS oOuiecTBo. Ho B TO ke BpeMs ObicTpee paspy-
LIAIOTCS TPAJULUK M CJIOXKHEE CTAHOBHUTCS OTJIIMYHUTH XOpOLIee OT ILUIOXOTrO0
(pacTBOPSIIOTCSL KPUTEPHH STHX MOHATHI), TpyJIHEe Ul POAUTENel nepenaTh
JeTSM CBO OMBIT U T. A. U T. 1. Ham yke nmpuxoaminocsk 06 stom mucats (I'pu-
uHuH 2006; ['purnH, Koportaes 2009). laneko He yTpaTmia CBOCH aKTyallbHO-
cti u 3HaMmeHuTas pabora D. Toddmnepa «lllox Oymymero» (Toffler 1970;
Toddnep 2002). Ho >t pobiieMsr 00s3aTETFHO TPEOYIOT OYeHBb OOIBIIOTO
BHUMaHHA. B 9acTHOCTH, HENb3st HE OTMETUTH, YTO MOTYT IIOSIBUTHCS OYECHB
CJIOKHBIE 3THYECKHE MPOOJIEMBI M BO3HUKAET MOTCHIHUAIBHBIH PUCK HapylIe-
HUSI COLIMANIBHBIX U OMOJIOTMYECKUX OCHOB CYILECTBOBaHUS uesioBeka. CII0KHO
MIPEACTaBUTh, YEM 3TO MOXKET OOCpHYThCS B KOHEUHOM HMTOre. PajukanbHbie
W3MEHEHHs] B OpraHM3ME YeJIOBEeKa CIOCOOHBI CEPhe3HO OTPa3UThCs Ha TaKUX
0a30BbIX Bellax, KaKk [IOHWMaHUE CEMbH, MOJa, OTHOLIEHUE K JKU3HHU. FIMEHHO
MO3TOMY TOJIE3HBI MPOTHO3bI Pa3BUTUS KUOepHEeTH4ecKoW peBostonuu. OHU
MOTYT MOMOYb 3apaHee 03a00TUTHCS CO3JIaHHEM OINTHMAIIbHBIX COIMANIBHBIX,
MIPABOBBIX M MHBIX HHCTPYMEHTOB, YTOOBI TaKMe N3MEHEHHS HE 3aCTaJIH MOJIHO-
CTBIO BPAcIUIOX, YTOOBI MOXHO OBIJIO MHHMMH3HPOBAaTh HETAaTHBHBIE IOCIE-
CTBHA. B KOHEUHOM cueTe PeBOJIOIHNS YIPABIIEMBIX CHCTEM KacaeTcsl U COLH-
QJIBHBIX CHCTEM, ITO3TOMY JOJDKHBI OBITh BBIPAOOTaHBI TEXHOJIOTHH COIIMAJILHO-
TO NPEIBUICHUS U KYNMHPOBAHHS NMPOOJEM, KOTOPBIE JOJDKHBI OMPOOOBATHCS
XOTs OBl O MACCOBOTO PacIpOCTPaHEHUs] HHHOBALIMH, BHYIIAIOIIUX OIACEHHMSI.
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AHHOTaAUuMNA

B crarse uccnenyoTes TeXHOMOTHIECKHE N3MEHEHUsSI, KOTOPBIE IMPOU30IIIN BO BTOPOit
nmonoBuHe XX u B Hadane XXI B. Ha 0a3e aHann3a HOBEWIINX HOCTHKCHUH B 007IaCTH
MEIUIMHEL, O1o- M HaHOTexHosoruid, pobororexuukn, KT u mpyrux texaomormue-
CKUX HallpaBJICHU, a TakXkKe ONUPasCh HA BO3MOXHOCTH TEOPUM IPOU3BOACTBEHHBIX
peBoOIIIONINI, TOAPOOHO MCCIIEYeTC sl TOCISTHSIS IIPOU3BOACTBEHHAS PEBOJIIOIHS, KOTO-
pas Ha3zBaHa KHOCPHETHYECKOH, M JAFOTCSI TPOTHO3BI O €€ Pa3BUTHU B OJIDKaiIIne
IATBAECST JeT. [lokazaHo, YTO OCHOBHOE HAIlPaBJICHUE 3TON PEBOJIIOIMHU OyIeT 3aKiIo-
9JaThCsl B Pa3BUTHM Pa3HOOOpa3HBIX caMoympaBisieMbix cucteM. IlogpoOHo aHamm3upy-
10TCs OyayIue MpOpHIBBI ¥ U3MEHEHHS B MEMIMHE, OMO- M HAHOTEXHOJIOTHAX B aCIeK-
T€ Pa3BUTHUS CAaMOYIPABISIEMBIX CHCTEM M POCTA UX CIOCOOHOCTH K BBIOOPY ONTHMAIb-
HBIX PEKUMOB (DYHKIIMOHHPOBAHWS, a TAKXKe APYTHX XapaKTEPUCTUK KHOSPHETHIECKOH
peBoIIOLUH (3KOHOMHUH PECYPCOB M DHEPTUM, MUHHATIOPU3ALUH, UHAUBUAYATU3AIUN).

Knroueevie cnosa: I/IH(bOpMaLII/IOHHHe TCXHOJIOTUH, MPOU3BOJACTBEHHAsA PEBOJIIO-
oy, KI/I6epHeTI/I'~IeCKaH peBOJIIOLUA, CaMOYIIPABJIACMBIC CUCTEMBI, KI/I60pFI/I3aI_II/Iﬂ, ME-
JUIIMHA, 6PIOT€XHOJIOFI/I}I, HaHOTEXHOJIOTHA, TCHHAaAd WHXXCHEPUS.
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