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BBEJEHUE

HccnenoBanue OMOIOTMUECKUX OOBEKTOB SIBISICTCS aKTyaJbHOM 3aauei
OMOJIOTUM, MEIUIIMHBI, BETEpUHAPUU U APYruX Hayk. Mcmonb3oBaHue Tpaau-
LIMOHHBIX METOJOB UCCIEAOBAaHMS, TAKMX KaK ONTHYECKass MUKDPOCKOMUS, XU-
MUYECKUU aHaIN3, MPUBOJUT JUOO K HEYJOBIECTBOPUTEIBHBIM pe3yjibTaTaM
BCJIEZICTBME OIPAHMYEHHOCTH METOJIOB, JIMOO K pa3pylIeHnio o0pa3oB. Xapak-
TEpHBIE pa3Mepbl 0OBEKTOB UCCIEIOBAHUA: KIETOK, BUPYCOB, 2JIEMEHTOB OMO-
JIOTUYECKON TKAHU — COCTABIIAIOT MOPON HECKOJIBKO HAaHOMETPOB. Takum oOpa-
30M, JIJISl KX UCCIIEIOBAHUSI HEOOXO0IMMO MPUMEHATH METO bl HAHOMHKEHEPHU.

OnHUM W3 MEPCHEKTUBHBIX METOJIOB MCCIICIOBAHUS SIBJIAETCS METOJ, CKa-
HUPYIOLLIEH 30HI0BOM MHUKPOCKOMUU. OTHOCUTENIBHO MOJIOJI0M MeToa (TepBbId
MHUKPOCKOTI, pabOTalOMIMi B PEKUME TYHHEITbHOM MUKPOCKOMHH, ObUT MOKa3aH
B 1983 1.), B CHJIy CBOMX KOHCTPYKIITMOHHBIX OCOOEHHOCTEH MO3BOJIAET HE TOJb-
KO MOJIy4aTh H(OpMaIui o Tornorpaduu nmoBepxXHOCTH, HO U UCCIIEIOBATH P
(bU3UMYECKUX CBOMCTB MaTEpHAJIOB, TAKUX KaK PaCIpeICNICHUE AJIEKTPUUYECKOrO
MOTEHIMANa, JIOKAJIbHYI0 MPOBOJUMOCTh MaTepuasa, aAre3vOHHbIE CBOMCTBA
MTOBEPXHOCTH U JIp.

B yue6HOM mocoOMU paccCMOTPEHBI TEOPETUUYECKHE OCHOBBI CKAHHPYIO-
el 30H/I0BOM MUKPOCKOIHMHU — aHAIUTUYECKOr0 METO/a UcCiea0BaHus Ppusu-
KO-XMMHMUYECKUX CBOMCTB HAaHOpPAa3MEPHBIX OUOJOoTHYecKuX o0BhekToB. Ilokasa-
HBI HAMPABJICHUS IPUMEHEHUSI HAHOOMOTEXHOJIOTHH.

[IpencraBieHsl pa3iuuHble IO YPOBHIO CIIOXKHOCTH M CIOCOOAM BBIMOJI-
HEHUs 3aJlaHusl, CIOCOOCTBYIOIIME MMPOYHOMY YCBOECHHUIO TEOPETHUYECKOTO Ma-
Tepuana.

YuyebHoe mnocoOue OpUEHTUPOBAHO HA OOECHEYeHHUE KaueCTBEHHOIO
OCBOCHMSI TPAKTUYECKUX HABBIKOB IMPOBEJACHUS TEOPETUUECKUX U IKCIIEPUMEH-

TaJIbHBIX UCCIETOBAHUI OMOJOTHYECKUX OOBEKTOB Ha HAHOYPOBHE.



1. METO/I0JIOTUYECKHUE OCHOBBI HAYYHBIX UCCJIEJJOBAHUM
B HAHOBMOTEXHOJIOTUX U HAHOMEZANLIUHE

1.1. OCOBEHHOCTH HAHOPA3MEPHBIX BUOJIOTUYECKUX OB bEKTOB

BaxHoil cocTaBnsroniell MpUOPUTETHBIX HMCCIIEIOBAaHUN B 00JaCTU HAHO-
TEXHOJIOTUM SIBJISCTCS pa3BUTHE OMOMEIUIIMHCKOTO HAIIPABIICHHUSI.

PazpaboTanHbie HAHOYCTPONCTBA U HAHOCTPYKTYPHI CTaJIK IMIUPOKO MPH-
MEHSITBCSL JJI1 BCECTOPOHHETO KOHTPOJISl, BOCCTAHOBIICHUS, 3aIlUThI U COBEP-
IIICHCTBOBAHUSI BCEX OMOCUCTEM 4YEJIOBEKAa. JTO HaIpaBJICHUE JCATEIbHOCTH

MOJTYYHJIO Ha3BaHUE OMOMEIUITMHCKAE HAHOTEXHOJIOTUH (puc. 1).

BuomegMUMUHCKME HAHOTEXHO/IOTUU

N

HaHo6uoTexHonorum “ HaHomeguuuHa

Puc. 1. B3anMocCBsI3b OHOJIOTHH, METUIIMHBI 1 HAHOTEXHOJIOTHI

Hano6uotexHomnorus — 310 00JacTh HAYKH HA CThIKE OMOJIOTUM M HAHO-
texHojornk. OHa BKJIIOYaeT B ceOS HMCCIENOBAaHUS W MPUMEHECHHE HaHOpa3-
MEPHBIX OHMOJIOTHYECKHUX OOBEKTOB B MPOMBINIJIEHHBIX MacIiTabax s co3jaa-
HUS OMOTEXHOJOTHYECKUX MTPOTYKTOB.

HanopazmepHbie O1osIorudeckre 00bEKThl YEIOBEK MUCIOIB30BaJ C JIPEB-
HUX BpEeMEH (IpOXoKH, PEepPMEHTHI, HAHOYACTHIIBI 30J0Ta JUIS OKpAIIWBAHUS
CTEKOJ | Ap.), O0JIee TOro BCE )KUBOE MOCTPOSHO M3 HAHOYACTHI] U HAHOCTPYK-
Typ (Tabum. 1). BOIPIIMHCTBO OMOXUMHUYECKUX MTPOIIECCOB B KHUBBIX OpraHU3Max
IIPOTEKAET HAa HaHOYpoBHE. [IprcTaBka «HaHO-» TOJBKO TTOTYEPKUBAET, UTO HC-

CJICAOBaHUs OCYIICCTBIIAOTCA HAa MOJICKYJIIPHOM YPOBHEC, A HC Ha KJICTOYHOM.



Tabnuya 1

HckyccTBeHHBbIE M IPUPOIHbIE HAHOO0BEKTHI U HAHOCTPYKTYPbI

I/ICKYCCTBGHHI)IC HaHOOOBEKTHI

[Ipupoanbie HAHOOOBEKTHI

Pazmep
Y HAHOCTPYKTYPHI Y HAHOCTPYKTYPHI

AHaJor oTCyTCTBYET 1 MKkM | MUKpPOCTPYKTYpbI (MUTOXOHJIPHH, BAKYOJIb).
bakrepuu 3 Mmxm

AHaJor oTCyTCTBYET 800 HM | CyOMUKPOCTPYKTYpBI
(XpoMOCOMBI, pHOOCOMBI)

Hanokommnosur 400 um | JTunmocoma

KBanToBas Touka 100 am

HanotpyOka Bupyc

o 1...50 am
Monexkyna pynnepena Cg 10 aMm

HanocTtpykTypsl




Oxonuanue maon. 1

NckyccTBeHHBIE HAHOOOBEKTHI [TpupoaHble HAHOOOBEKTHI

Pazmep
Y HAHOCTPYKTYPBI Y HAHOCTPYKTYPBI
ManoaToMHBIN KJIacTep 1 am Mouiekyia BOIbI
AHaJIor OTCYTCTBYET 0,1 am

[Ipexxne yeM uccienoBaTh KUBbIE OOBEKTHI, HEOOXOAMMO H3YUUTh HX
OCOOEHHOCTH.

HexuByto npupoay uzydaet (GpuU3uka U XUMUs, )KUBYIO IPUPOY — OHOJIO-
rusi. B coBpeMeHHOM npeicTaBIeHuH OMOJIOTUSI — COBOKYITHOCTh HAYK O KUBOM
npupoae. buosnorus ycranapnuBaer oOlue M 4acTHbIE 3aKOHOMEPHOCTH, MPU-
CyLIMe >KM3HU BO BCEX €€ MPOSBICHUSX — OOMEH BEIIEeCTB, Pa3MHOXKEHHE,
HACJIEICTBEHHOCTh, IPUCIIOCOOISIEMOCTD, POCT, MOJIBUKHOCTD U AP.

buoinorus pa3BuBaeTcs B TPEX OCHOBHBIX HAINPABJICHUAX: TPAIULIMOHHAS
ouomnorus, PU3NKO-XUMHUYECKasi, SBOTIOIMOHHASL.

Tpagumonnast 6MONOTHS U3YyYaeT KUBYIO MPUPOJY B €€ €CTECTBEHHOM
cocrossan. OCHOBHOW MeTon — HaOmrofeHue. ['maBHas 3amaya — kiaaccuduka-
usi 00BEKTOB kUBOM mpupoasl. Hanpumep, K. Jlunnei onucan u kinaccudu-
uupoBail 1500 pacreHnii. DTO HaNpaBIEHUE HE YTPATWIIO W BPSA JU YTPATHUT
CBOIO aKTyaJbHOCTb. BHOJIOTMS pa3BHBAETCS: OJHM BHUIbI MCUYE3AIOT, APYTHE
U3MEHSIOTCS, — U B OyAyILIEM Hay4YHble MaTepHasbl Oy1yT HaKaIlIMBaTbCA B pe-

3yJIbTaT€ HEMOCPEACTBEHHOTO HAOIOICHUS 3a )KUBOW MaTepUei.



OU3NKO-XUMHUUECKass OUOJIOTUS U3Y4aeT OOBEKTHI KUBOU MPUPOJBI C TO-
MOIIbIO (PU3UKO-XUMUYECKUX METOJOB Ha MOJIEKYJIApHOM ypoBHE. E€ ocHoBo-
MOJIOXKHUKAMU SBJISIFOTCS poccuiickue ouosioru WM. I1. [Tasnos, Y. 1. Meunukos,
N. M. CeuenoB. OHa UCHOIB3YET COBPEMEHHBIE METO/Ibl aHAIM3a U TUATHOCTH-
KH: METOJI PEHTIEHOCTPYKTYPHOI'O aHAaM3a, METOJ MEUYEHBIX aTOMOB, CIEK-
TpaJibHble MeToNbl (MH(pakpacHas crekTpockonus, Y D-CreKTpOCKONus, HH-
Teppepomerpusi) u ap. C e€ momoipto pacmudporana crpykrypa JHK, pac-
MU(PPOBAH T€HETUYECKUN KOJI, OCYIIECTBIEH MCKYCCTBEHHBIH CUHTE3 T'€Ha OJI-
HOM U3 TPAHCIIOPTHBIX MOJIEKYJI, XUMUUECKUN CUHTE3 psiJia PEpPMEHTOB U T. .

DBOJIIOIIMOHHAST OMOJIOTHST M3Y4YaeT Pa3BUTHE KUBOU MPUPOBI BO BpeMe-
Hu. Yapnb3 JlapBUH YCTaHOBWUJI JABUXKYIIHUE CUJIBI DBOJIOIHNH, OOBSCHUI MPO-
niecc pazputus. B XX B. reopus [lapBuHa Obuta pacuimpeHa u moixyyusia Ha3Ba-
HUE€ HEOJAPBHUHU3MA. JTO TEOPHUSI OPraHUYECKOW SBOJIIOIUU MTyTEM €CTECTBEH-
HOT'O 0TOOpA MPU3HAKOB, JETEPMUHUPOBAHHBIX TEHETUYECKHU.

B XX B. Ouosnorus crana JIMJIepOM €CTEeCTBO3HaHUS. MOXKHO Mpeanosio-

KUTh, 9T0 X XI B. MOKHO OyZeT Ha3BaTh BEKOM OMOJIOTHH.

CTpyKTypHbIe YPOBHU OPraHM3aliuy >)KUBOU MaTEPHUH.
OCHOBHBIE OT/IMNYHUSA )KUBOT'O OT HEKUBOTO

buonorus kak Hayka craia pa3BuBarbcs ¢ XIX B. U NMpOJOJDKAET pa3BU-
BaThCsl J0 CUX NOp. buosiormyeckuil ypoBeHb OpraHuU3allMd MaT€pUH OYEHb
ciokeH. OH MOJIHOCThIO HE CBOJIUTCS K 3aKOHOMEPHOCTSIM (DU3UKU U XUMUU
U UMEET CBOM OTJIMYHUTEIbHbIE OCOOCHHOCTH. buonornueckuii ypoBeHb pe/-
OTPEJICJICH OTINYHEM KMBOTO BEIIECTBA OT HEKUBOTO.

O06001eHHoe ompeneNieHne CYITHOCTH YKHBOTO MOXHO CHOPMYIHUPOBATH
CJICTYIOIM O0pa3oM: KHU3Hb €CTh (JOpMa CYIIECTBOBAHUS CIIOXHBIX, OTKPHI-
TBIX CHCTEM, CITIOCOOHBIX K CAaMOOPraHU3allui U caMoBOCIIpousBeAeHuto. Eme 60-
Jiee KpaTKoe ONpe/esieHre KU3HU MPEeAokuil aMmepukanckuid ¢pusuk . Turmep

B CBOCH CEHCAllMOHHOMN KHMIe «Du3uka 6GCCMCpTI/I$I». «MpI HE XO0THUM, — ITUIICT



OH, — MPUBSA3BIBATH ONPE/IEIICHUE KU3HU K MOJIEKYJIE HYKJIEMHOBON KHCIIOTHI,
MOTOMY YTO MO>XKHO BOOOpPa3uTh ce0e CYIECTBOBAHUE JKU3HU, KOTOPas K ATOMY
OTpeeNICHNI0 He MoAX0oANUT. Eciin K HaM B KOCMHUYECKHI KOpalJyib SIBUTCS BHE-
36MHO€ CYIIIECTBO, XUMHUECKYI0 OCHOBY KOTOPOT'O COCTaBJISIIOT HE HYKJIEMHOBAs
KHUCIIOTa, TO HAM BCE PaBHO 3aXOYETCSl MPU3HAThH €ro KUBbIMY». JKU3Hb, 110 MHE-
Huto Turepa, mpeacrapiseT co0oit Jmib nHOopMaIo 0co0oro poja: « ompe-
JIEJISA0 KU3Hb KaK HEKYIO 3aKOJUPOBAHHYIO HH(POPMAIIUIO, KOTOpasi COXPaHsIeTCs
€CTeCTBEHHBIM 0TOOpOM». Ho eciu 3To Tak, TO KU3Hb — UH(OpMALUS, KOTOpas
OyZieT BeuHOM, OecCKOHEUHOM 1 OeccMepTHOM. M XOTs ¢ ATUM OIpeesieHuEM CO-
TJIACHBI JIAJIEKO HE BCE, €r0 HECOMHEHHAs 1IEHHOCTh COCTOUT B TOIBITKE BBIJIE-
JIUTh U3 BCEX KPUTEPUEB KU3HHU B KAUE€CTBE IIABHOTO — CIIOCOOHOCTH JKUBBIX Op-
TaHU3MOB COXPAHSITh U TIepeaaBaTh HHHOPMAIIHIO.

HTak, 94T0 TaKkoe »KMBOC M 4YeM OHO OTJIHMYaAeTCs OT HEXHMBOTOo? EcTh He-
CKOJIbKO ()yHJAMEHTAIbHBIX OTJIUYUN KUBOTO OT HEXKUBOTO.

IIo coctaBy. B cocTtaB *HBOro o00s3aTe€IbHO BXOAST BBICOKOYIOPSIO-
YEHHBIE MaKPOMOJICKYJIIPHBIE OpraHuYecKkrue coeauHenus. VX Ha3pIBaroT OMO-
nosmMepbl — 6enku u HykiaenHoBbie kucioThl (JJHK, PHK). Ouu peakunonno-
CIIOCOOHBI, COCTOSIT MPEUMYIIECTBEHHO U3 ISITU JIETKUX XUMUYECKUX AJIEMEH-
TtoB (C, N, O, P, H). MonekyJsbl He:KUBOTO B OOJIbIIIEH Macce CBOCM MHEPTHHI.
JI71s1 HeXKMBOTO XapaKTEPEH BECh CIIEKTP XUMHUUECKUX AJIEMEHTOB.

IIo cTpykType KUBOE OTIMYAETCS OT HEXKUBOI'O KIETOUHBIM CTPOEHHUEM.
CTpyKTypHOU €OWHHUIIEH HEXKUBOTO SIBISIETCS MOJEKYJA, CTPYKTYPHOM €IMHU-
el )KUBOTO — KieTka. HeT KuBbIX OMOMOJIEKYJ, €CTh JKMBas KjeTka. Bce oc-
HOBHBIC MPOIIECCHI, OMPELISAIONINE TOBEICHUE )KUBOT'O OpraHru3Ma, MPOTEKatoT
B KJIeTKaX. BennunHa KIeTok pa3auyHa: OT MUKpOMETpa 10 0ojiee 0OHOTO MET-
pa (y HEpBHBIX KJIETOK, UMEIOIIUX OTPOCTKH).

Mo ¢pynkumsam. /{711 5KUBBIX TEJI XapaKTEPHO BOCHPOU3BOJICTBO CAMHUX CE-
Os1. YCTOMYMBOCTH M BOCIIPOU3BEICHHUE €CTh U B HEXKUBBIX cucteMax. Ho B xu-

BbIX TCJIaX MMCCT MCCTO IPOHCCC CaAMOBOCIIPOMU3BCACHHUA COTJIACHO 3aJIOKCH-



HOW B HUX F'€HETUUYECKOU mporpamme. He 4T0-TO BOCIIPOU3BOIUT HUX, a OHH Ca-
MU ce0si. DTO MPUHIUIHUAIIBHOE OTJIMYKE. TakKe >KUBBbIE Tejla OTIMYAIOTCS OT
HEKUBBIX APYTMMH aTpuOyTaMH: HaJIMIMEM OOMEHa BEIIECTB, CIIOCOOHOCTHIO
K POCTY U Pa3BUTHUIO, MPUCIOCOOJIEHHOCThIO K cpene U T. . OO0s3aTebHbIM
CBOWCTBOM >KMBOTO SIBJISIETCS AEATEIBbHOCTh, aKTUBHOCT.

OIIHaKO CTPOTO HAYYHOE PAa3rpPaHUYCHUE JKUBOTO U HEKUBOTO HEBO3MOXK-
HO. MmeroTcst kak Obl mepexojiHbie (OPMbI OT HEXKHUBOTO K KMBOMY. Bupychl
HE 001a7al0T HU OJHUM M3 aTpUOYTOB KMBOr0. Y HUX €CTh HACIIEJICTBEHHbBIN
anmapar, HO OTCYTCTBYIOT (pepMEHTbI, HEOOXOAMMBIE Jisi OOMEHa BEIECTB.
[ToaTOMY OHM MOTYT PacTH ¥ Pa3MHOKAThHCS, JIUIIb MPOHUKAS B KIETKU Opra-
HU3Ma-X03sIMHa U UCTOJIb3Ys €r0 (hepPMEHTHbBIEC CUCTEMBI.

B 3aBucMMOCTH OT TOTO, KAKOW MPU3HAK Mbl CYUTAEM BAXKHBIM, MBI OTHO-
CUM BUPYCHI K )KUBBIM CUCTEMAaM WJIU HET.

CHCTEeMHO-CTPYKTYpPHBIE YPOBHU OpraHU3alMd MHOTOOOPa3HBIX (HOPM JKH-
BOI'0 JIOCTATOYHO MHOTOYMCIICHHBI. KpuTepruem BbICIEHUS OCHOBHBIX YPOBHEU
BBICTYNAIOT CielU(UUECKUE JUCKPETHBIC CTPYKTYPhI U (hyHIaMEHTaIbHbIE OHO-
JIOTUYECKHE B3aUMOAEHCTBUSI. Ha OCHOBaHMYM TaKMX KPUTEPUEB BBIACISIOT Clie-
IYIOIINE YPOBHU OpPraHU3alNKU KUBOTO:

1) MoJieKyJISIpHO-TeHEeTUYeCKM i — DJIEMEHTAPHON SAMHUIICH SIBIISICTCSI TeH;

2) OHTOT€HEeTHYEeCKMH — CBSI3aH C JKU3HEIESITEIbHOCTBIO OTJEJIbHBIX
Ooromornyecknx ocobdeit (opraHu3MoB);

3) momyJsIMMOHHO-BUJA0OBOM — TOSIBISECTCS TOTAA, KOTJa IPOMCXOIUT
oOBeauHeHrne 0coOel B MOMYJISIIINH, a TOMYJISIUN B BUJIBI;

4) OMOreoueHOTUYeCKNI — IMHUIIAMH SIBJISIFOTCSI OMOIIEHO3BI U OUOTe0-

OCHO3HI.

EAUHCTBO N MHOFOOﬁpaBI/Ie KUBbIX OPraHU3MOB Hd 3emJie

Eme Ha 3ape pa3BuTHS 4E€NOBEYECKOM KYJIBTYPbI JIOACH NTOpa)Xau Lelie-
COO0OPa3HOCTh CTPOEHUS OTJEIBHBIX )KUBBIX CYIIECTB U TOT MOPSAIOK, KOTOPHIi

CYIIECTBYET B KMUBOW MPUPOAE B LEIOM. B TpeBHEUIINX MHACHUCKUX, ETUMET-

10



CKHX, KATAUCKUX HCTOYHUKAX MOKHO BCTPCTHUTL COYMHCHHA O B3aMMOCBA3U
MCIKAY PAaCTCHUAMHA U )KUBOTHBIMH, O CAUMHCTBC OPIraHUYCCKOI0 MHUpa U €Iro 3a-

KOHOMEPHOM B3aUMOJECUCTBUHU C IIPUPOIOMN.

Eouncmeo opeanuueckoeo mupa

1. CtpykrypHoe enuHcTBO. OCHOBHAsi CTPYKTYpHas €IMHUIIA BCEX Opra-
HU3MOB — KJIETKA.

2. brnoxuMmuyeckoe e IMHCTBO:

— 00N XMMHYECKHUI COCTaB — OEJIKH, )KUPBI, YIIIEBOIbI, (PEPMEHTHI, TOP-
MOHBI U T. 7. Hampumep, cX01CTBO XMMHUYECKOTO COCTaBa XJIOpoduia ¢ remMo-
TJIOOMHOM (KPOBSIHBIE TUTMEHTHI);

— OJIM3KHUE THIBI PEAKITUH, JIS)KAIIHe B OCHOBE OMOXUMHYECKHX TIPOIIECCOB,;

— o0urast poJb OEJNKOB U HYKIEMHOBBIX KUCIIOT.

3. OO1ue 3aKOHbI, 0 KOTOPBIM KUBYT U Pa3BUBAIOTCS BCE BUbI KUBOT-
HBIX U PACTEHHUI (3aKOH €CTECTBEHHOTO 0TOOpa, 3aKOH MCTOPUYECKOTO Pa3BU-
THUSI OPTAaHU3MOB U T. ]I.).

EnuHcTBO BBIpa)kaeTcs BO B3aMMOCBSI3SIX M B3aUMOJICHCTBUM Ka4e€CTBEH-
HO PAa3BUBAIOIIMXCS BUJOB KUBOTHBIX, PACTCHUH U MUKPOOPTAHU3MOB. ITHU
B3aMMOOTHOIIEHHUSI CITyAT OCHOBOW BO3HUKHOBEHHUS U Pa3BUTHUS COOOIIECTB,

COCTOAIIHNX U3 PA3HBIX BUIOB.

MHnoeoobpasue opeanuueckoco mupa
Ha 3emiie CymiecTByOT OTPOMHOE KOJHYECTBO JKHMBBIX CyIIecTB. Bcé
MHOTO00pa3ue )KUBBIX CYIIECTB Ha 3eMJie TIOJYMHEHO CTPOTOMN UePAPXUU: TCHBI
(Bupychl, 6akTeprodaru kak GopMbI IPEIKU3HN) — KIETKH — TKAHU — OPTaHbl —
OpraHU3MbI — TIOMYJISIIUHA — COOOIIECTBA — AKOCHCTEMa (OMOIIeH03) — Omocdepa.
DneMeHTapHON €IMHUIICH B CHCTEMATHKE JKMBBIX OPTaHW3MOB SIBIISICTCS
BuJl. CyllecTByeT A0 AECATH MWUIMOHOB BHUIOB JKMBBIX CylIecTB. Bua — 310

FeHETHUYECKH CTaOMILHAs CUCTCMa, I'pylilla OPraHu3MOB, KOTOPLIC CKPCIIHNBA-
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I0TCS IPYT C JAPYroM ¢ 00pa3OBaHUEM IUIOJOBUTOTO MOTOMCTBA M 3aHUMAIOT
oTpezesieHHYI0 00JacTh reorpadudeckoro npocrpanctsa. Mzsectno 500 000 Bu-
noB pactenuid u 1 500 000 BuAOB KUBOTHBIX. MHOr0OOpa3ue He OrpaHUYMBa-
€TCsl YMCJIOM Pa3JIMYHbIX BUJIOB. BUbI, B CBOIO OYEpEdh, COCTOSIT U3 MOJIOJBIX
U B3POCIIbIX UHJMBUAYYMOB, MHOTHE U3 CaMIIOB U CaMOK, Y OOJIBIIIMHCTBA BHU-
JIOB €CTh: PA3HOBUJAHOCTH, reorpaduuecKkue pachl, sKkojgoruyeckue Gopmsl. s
HUX XapaKTepHO OMpe/IeJICHHOE CTpOeHre U 00pa3 ku3Hu. Takum 00pa3om, BU
HE MPOCTOE cOOpaHUe OJUHAKOBBIX MHAMBUIAYYMOB, a CIIOKHAsi CUCTeMa IpyIi-
MAPOBOK, COMOJAYMHEHHBIX, TECHO CBSA3aHHBIX JIPYT C JPYIOM U TE€M CaMbIM

MOICP>KUBAIOIINX CYILIECTBOBAHUE IPYT JApyTa.

Knaccudpukanus >KkMBbIX OpraHU3MoOB

I. loknerounbie popMbl :KU3HU — BUPYCHI (puc. 2) u daru (puc. 3).

— BeakoBan ofososka

AHK

<

Bopommuriok

Basanstan naacmunka

AN

Puc. 2. Ctpoenue Bupyca: Puc. 3. bakrepuodar
1 —monexyna IHK wim PHK;
2 — OenkoBast 060109Ka

Bupycbl — cyOMUKPOCKOTIMYECKHE MOKICTOYHBIC (DOPMBI JKH3HH, CIIO-
COOHBIC MTPOHUKATh B )KUBBIC KIIETKH U BOCIIPOM3BOAUTLCS BHYTPH HHUX. Bupy-
cel OTKpbITHI [. Y. IBanoBCckuM B 1892 1. B HacTosimiee BpeMs U3BECTHO OKOJIO
3000 BuaoB BupycoB. OHM HE CIOCOOHBI CAMU CUHTE3UPOBATH OEJIOK, MO3TOMY

MOJIy4aroT H€06XOI[I/IMBIC A UX KHU3HCACATCIILHOCTH BCINCCTBA, IMPOHHKAA
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B JKMBYIO KJIETKY W HCIOJIb3Yys YY’KHE OpPraHUYECKHE BELIECTBA M JHEPIHIO.
VY 4yenoBeka BUPYCHI BBI3bIBAIOT MHOXECTBO 3a00J€BAaHUM, BKIIIOYas TPUII
u CIIN]] (cunapoM nmpuoOpPETEHHOTr0 UMMYHOIE(PUIINTA, BBI3BIBAETCS OCOOBIM
Bupycom). [lonagas B KJIETKH KPOBU M MO3ra, OH BCTPAaWBAETCS B I€HHBIN am-
napaTr M Mapajv3yeT MX 3alldTHbIE CBOWCTBA. 3apakeHHbIM BUpycoMm CIIN/la
YEJIOBEK CTAaHOBUTCS 0O€33allMTHBIM Iepe] Jito0ol nHpekuuen. Jlo cux nop He
pa3paboTaHbl Jake TEOPETUYECKUE MOJAXOJbl K PELIECHUIO0 TaKOM 3ajaud, Kak
OUYMCTKA F€HETUYECKOI0 anmnapara KJIETOK YeJIOBEKa OT YyKEpOJAHOW BUPYCHOM
uH(dOpMaIUH.

bakrepuodaru, wim daru, (0T Ap.-Tped. «IOKUPAIO») — BUPYCHI, N30H-
paTenpbHO Topaxkaromue OakTepualibHble KiIeTKu. Yamie Bcero Oaktepuodaru
Pa3MHOXKAIOTCSl BHYTPU OAKTEPHM U BBI3BIBAIOT UX JIU3HUC.

JIYi3uc — pacTBOpeHHE KIETOK U UX CUCTEM, B TOM YMCIIE MUKPOOPTraHU3-
MOB, I0J] BIIUSIHUEM Pa3JIMYHbIX areHTOB, HalpUMep PEepMEHTOB, OAKTEPHOIHU-
3UHOB, 0akTepuo(}aroB, aHTHOMOTUKOB.

I1. Knerounslie (popMbl KU3HU.

1. JosinepHsbie ¢popmbl (IPOKAPUOTHI) — IPOCTO YCTPOECHHBIE OJHOKJIE-
TOYHbIE OPraHU3Mbl O€3 sJpa, K HUM OTHOcATCsS OakTepuu (puc. 4) U CUHe-

3CJICHBIC BOAOPOCIIH. Bce kneTku OJHMHAaKOBBIC.

Muan Hykaeoud

Pubocosmn

Maazmamuueckan Kiemounan Kancyaa
| membpana cmenka
\

[crmuruAA®bl) EAM ]

Puc. 4. baxrepun
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2. SnepHbie ¢popMbl (3YKAPHOTHI) — CIIOKHO YCTPOCHHBIE, COAEPKAIINAEC
KJIETOYHOE AJIpO C XpOMOCOMaMHu U opranougamu (puc. 5). [loapazaensrorcs Ha
OJIHOKJIETOUHBIC (aMeObl, MH(DY30pHUH), KOJOHUAJIbHBIC (BOJBBOKC) M MHOTO-
KJIETOUHBbIC. Y 3YKapHOT HOCHUTEJb HACJIEICTBEHHOW MH(pOpPMAUUU — JE€30KCHU-

pubonykiennonas kuciorta (JJHK), okpyxeHHas sigepHOil 000J104YKOH.

'/' Tnm'lnuo qlﬁp“ﬂ MHIHH —\1
OTEI - H, {-]
7
¥
| Ognokaerounne | | Koaonuaaonume | | MuorokaeTounne
Ameba obuikHoREHHAA BOMbBOKC PacreHun
D@D B
VO g
oo %
) 4 = H

Tun kaemol npoBogﬁmell
mkanu

HueoTHbiC

[ - el
Tunbl kaemok coeguiumesbHod
mkanu

MNaecneBol 2pub

B noacemu mamepunckod  keaonuu
(2), cocmonued ua ogunakoBuix Be-
zemamuBueix kaemok pacnoaodkets

Duddepenuupobannpie no cmpyk-
mype u gynkuuu kaemku  muHoz0-
kaemounsix opzaduamoB obpasyom

goueptue koaonuu (1).

mhanu u opzanbi. /

\ Mucor

Puc. 5. Dykapuotsl

MHOTrOKJIETOYHBIE OPTaHU3MbI — XOPOILIO OPTaHU30BaHHAsSI COBOKYITHOCTh
KJIeTOK. OCHOBHBIE IPYNIIbl MHOTOKJIETOYHBIX OPraHU3MOB (3YKapHOTOB): I'pHU-
Obl; CIM3EBUKU; PACTCHUS; )KUBOTHBIE. B nykaprOTUUECKUX OpraHu3Max KJeT-
K1 i pepeHmpoBaHbl: pa3inyatoTcs o Gopme U QyHKIUSM.

[Ipumepno 1 muppa jieT Ha3ax MPOU3OLUIO Pa3AClICHHE KUBBIX CYLIECTB
(OpraHM4eckoro MMpa) Ha JBa LIApCTBA — PACTEHMS U KUBOTHbIE. OHU pa3iu-
YaIOTCA: M0 CTPYKTYpPE KIIETOK, IO CIOCO0Y MUTAaHUsA, MO CIIOCOOHOCTH K JIBU-
xkeHuto. OTHECEHUE K OJTHOMY U3 [IapCTB IIPOBOJUTCS O COBOKYITHOCTH PA3JIH-

Yuii, a HE MO KaxJIoMy npu3Haky. Hampumep, Kopasuibl, MOJUTIOCKH, peUHAast
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ryoka (06oxsra) BCIO KH3Hb OCTAIOTCS HEMOJABMKHBIMU, HO IO BCEM JPYyTUM
CBOMCTBAM OTHOCSTCS K JKHBOTHBIM. BBIJIEIAIOT TIEPEXOHBIC THITHI, HAIIPHMED
HACEKOMOSJTHBIC PACTCHHUS I10 CIOCOOy IHUTAHUS OTHOCATCS K YKHUBOTHBIM;
IBIJICHA 3€JICHAs TUTAETCS KaK PacTeHHUE, IBUTACTCS KaK JKHBOTHOE.

Takum 06pa3zom, MHOTOOOpa3ue ectb opmMa YCTOMUMBOCTH KU3HU.

1.2. HAITIPABJIEHUAI MIPUMEHEHUA HAHOBUOTEXHOJIOTUH

1. OxpaHna okpyxamwiueil cpeabl.

A. Texnonozuu nepepadomku u ymuau3zauuu omxoooe.

Ouucmrka 6030yxa. JIisl O4UCTKU Ta30BBIX BBIOPOCOB B aTMOc(epy Ha IPo-
MBIIICHHBIX TPEANPUITHSIX MPUMEHSIIOT OMO(DUIBTPHI, 3aII0JTHEHHBIC HACAIKOM,
Ha KOTOPOW 3aKpeIUIeHbI CIelUaIbHble MUKPOOPTaHU3Mbl. BpeaHble npumecu
COpOMPYIOTCSI Ha HACAJIKE U 3aTeM MOTPEOJSIIOTCS U 00€3BPEKUBAIOTCS MUKPO-
OpraHu3MaMHu.

B maxtax w yrojapHBIX IIacTax METaHOTPO(HBIE OAaKTEPUU CHIKAIOT
KOHIICHTPAIIMIO ME€TaHa, YTO YMEHbBIIIAET PUCK B3PbHIBA.

Ouucmrka cmounblx 600. CylIECTBYIOT MUKPOOPTaHU3MBI, JJISI KOTOPHIX
3arpsi3HEHUS, COJIEPIKAILMECS B CTOUHBIX BOJAX, SIBJISIFOTCS MUTATEIbHBIMU Be-
niectBaMu. CTOYHBIE BOJIbI OUUIIIACT «aKTUBHBIM W» — 3TO OMOMacca, KoTopas
COCTOUT M3 CMECU MHUKPOOpPraHu3mMoB (dhepMeHTOB unu Oakrepuit). OHu nepe-
pabaThIBAIOT WIIM pa3iaraloT 3arps3HEHUs. XOTS MPU dTOM TpeOyeTcs mepeme-
IIMBATh KUJAKOCTh W HEMPEPHIBHO a’pHpPOBaTh €€ BO3AYXOM, TaKOW CIOCOO
MO3BOJISIET TIepepadaThiBaTh OOJbIINE 00BEMBI CTOKOB C CaMbIMH Pa3HOOOpa3-
HBIMU 3arpsi3HEHUSAMHU — OT XO3SIMCTBEHHO-OBITOBBIX JI0 MPOMBIIIUICHHBIX. []o-
CJI€ UCIIOJIb30BAHUS UJ1a €r0 HEOOXOMMO JTUKBUIUPOBATb.

CnocoObl JIMKBUAAITMU: 3aXOPOHEHHE B IOYBE, 3aXOPOHEHHE B MOpE,
CoKUTaHUE.

b. CoBepiiieHCTBOBaHKHE METOJIOB TECTUPOBAHUSI U MOHUMOPUH2A, CPEJICTB

O0emeKmupoeanus u 6opboObl ¢ XUMUIECKUM U OMOJIOTHUYECKUM OPY>KUEM.
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buonornyueckoe opyxue — 3TO MATOT€HHbIE MUKPOOPTAHU3MBI WM HX
CIIOPBI, BUPYCHI, OaKTEepHAIbHbIE TOKCHUHBI, 3apakaroliue JIOJAeH U )KUBOTHBIX,
a TaK)Ke CpeJICTBa UX JIOCTaBKH (paKeThl, apTHIIEPUICKHUE CHAPSAbI, MUHOMET-
HbI€ MUHBI, aBUAIIUOHHBIE OOMOBI, ABTOMAaTUYECKUE JIPEH(PYIOIIE adpOCTaThl),
npeHa3HAaYEHHBIE JJIsI MAaCCOBOIO MOPAXKEHUSI )KUBOM CUJIbI U HACEJICHUS TIPO-
TUBHHKA, CEJIbCKOXO03MCTBEHHBIX KUBOTHBIX, IIOCEBOB CEIHCKOX035UCTBEHHBIX
KYJIbTYp, 3apa’KeHUsI TTPOJIOBOJILCTBUS U UCTOUHUKOB BOJIbI, 4 TAKXKE MOPYH He-
KOTOPBIX BHJIOB BOCHHOTO CHAPSKEHUS M BOEHHBIX MaTepHasioB. SBisieTcs
OpYKHEM MacCOBOI'0 MOPAXEHUS U 3aMPeIIeHO coryiacHO JKeHEeBCKOMY MPOTO-
Koy 1925 r.

CnemuanbHo oTOOpaHHBIC Il OOCBOTO MPUMEHEHHUS OHOJIOTHYECKHE
areHThl: MATOTEHHbIE MUKPOOPTaHU3MBI (UyMbl, CHOMPCKOM SI3BBI, Opyliesne3a
U JIp.); BUPYCHI (HATypajbHOM OCITbI, TEMOPPATMUECKUX JTUXOPANIOK U JIp.); PUK-
keTcuu (ceimHoro tuda u aAp.). [[poru3BOACTBO UX HaNAIUTh JIETKO, HAIPUMED,
Ha OCHOBE (papMareBTUYECKON MPOMBIIIJICHHOCTH.

Croco0Ob! TpuMEHEHUsI OMOTOTUYECKOTO OPYXKHUS: C BO3AYXOM (pacrblie-
HUE), C MUIIEH, BOAOH, Yepe3 KOXKY (YKYChl HACEKOMBIX).

MeponpusTus 1o 3alyuTe )KUBbIX OPTraHU3MOB:

1. MoHHTOpHHT.

B Poccun co3gan MOHUTOPUHIOBBIN LEHTP, KOTOPBIN 3aHUMAaeTCsi COOpoM
U aHAIM30M MH(OpManuu 0 OMOJIOTHYECKUX Yrpo3ax, OMaCHBIX BUPycCax, Oak-
TEPUAX U BOZHUKAIOUIUX SMUAEMUSIX HA TEPPUTOPUM CTPAHbl U B COMPEECIIb-
HBIX TOCYapCTBaX.

2. KoHTpoJib 3KCIIOpPTa U UMITOPTA.

Pazperienue Ha 3KCropT (MMIIOPT) BBIIAETCS JIMIIL B TOM CJIy4ae, €CiH
MUMEIOTCSl OCHOBAHUS TI0JIaraTh, 4YTO AKCIIOPTUPYEMbBIC MaTEPHAIIbl HE MOTYT OBITh
UCIOJIb30BaHbI B IPOU3BOJICTBE XUMUYECKOTO WJIM OMOJIOTUYECKOTO OPYIKHUSL.

3. Hcnonb3oBaHUE€ WHIUBUAYATBHBIX CPEJCTB 3aIlIUTHI.

— 3AIIUTHBIC IICPUYATKH, KOTOPBIC HC ITPOITYCKAOT TOKCUYIHBIC BCIICCTBA,

16
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https://ru.wikipedia.org/wiki/1925_%D0%B3%D0%BE%D0%B4

— CIIEHMAIbHBIE KPEMbI, KOTOPbIE€ YMEHBIIAIOT TOKCUYHOCThH MATOTEHOB,
MOMAaBIINX HAa KOXKY COJIJIATa;

— 3alIUTHBIN KOCTIOM ISl COJiZaT, B KOTOPOM HCIIOJIb3yeTCsl MaTepua,
unterpupoBansbiii ¢ nopomkoM FAST ACT (First Applied Sorbent Treatment
Against Chemical Threats), KOTOpbIii 00€3BpEKUBAECT TOKCUYHBIE XUMUKATHI.
[Topomiok cOCTOUT M3 aKTUBHBIX HAHOYACTHUII, KOTOPBIE CBS3BIBAIOT U JICAKTH-
BUPYIOT OKOJIO 24 U3BECTHBIX TOKCHYHBIX XMMHUUYECKUX COCIMHEHHH, UCIOJIb-
3YIOIIUXCS B XUMUYECKUX aTtakax. [Iopoiok MOXKeT MCIOIb30BaThCS MPU TEM-
nepaTypax HUXKe HYJIs, a TAKKE B pa3IMYHBIX cpefiax. B oTinuue oT KpeMoB OH
MOXeET ObITh 3 (PEKTUBEH U B PACHbUICHHOM COCTOSIHUU (@ 3alllUTHBIC KPEMBbI
JOJKHBI OBITH BIIQXKHBIMH), U B PACTBOPE;

— ¢yinepeHsl, KOTOPhIE B COCIMHEHUHM C AHTUTEIAMU HUCTIOIB3YIOT IS
3alUThl OT crnop Bacillusanthracis — 6akrepun, Hauboee pacIpoCTPaHEHHOM
B Kau€CTBE BOCHHOTO 0aKTEPUOJIOTUUECKOTO areHTa. Pe3ynbTaThl KIMHUYECKUX
UCIIBITAHUM TpenapaTa aHTpakca IMoKa3ald, YTO OH YOUBaeT caMy OaKTepHIo
U €€ CIIOPbI JI0 TOT0, KaK KOHIEHTpAIMs MAaTOT€HOB B OPraHU3ME MPUBEET K €r0
cmeptu. [Ipu 3TOM ¢ MOMEHTA 3apaXEHUs OpraHU3Ma aHTPaAKCOM MPOILIOo 24 u;

— YU OMNpeJeeHNs OMOJIOTHYECKOM OMAacHOCTH pa3MepaMU C MOYTOBYIO
MapKy. YCTpPOUCTBO MOXKET OMPEACIUTh MPUCYTCTBUE HECKOJIbKUX BUJIOB pas-
JUYHOTO OakTepuosiornyeckoro opyxkus. Ha ero 0Oaze ¢upma CombiMatrix
BbiltycTusia JeTekTop HANAA, KOTOpbIA MOKHO HCIOJIb30BaTh B TOJIEBBIX
ycnoBusix. [Ipubop momeniaercs B 1aJOHU, TUTAETCS OT OaTapeeK U BECUT OKO-
JIO OJHOTO KujorpamMma. Ero mpuHIUN AEHCTBUS OCHOBAH Ha PEIUIUKAIIUU
JIHK o6pa3ia ¢ moMolipio rnojauMepasHoi mnenHoi peakinuu. Korma ke ucko-
Mo JIHK craHoBUTCS 4OCTATOYHO ISl ONpeeiieHus, mpuoop ee oOpadaThiBa-
€T C MOMOIIBIO (HITYOPECIEHTHBIX METOK M COOTHOCHUT C OJHUM M3 3amporpam-
MupoBaHHBIX THIOB MmarorenHor JIHK. Becwh mporecc oOpaboTkm yeThIpex
paznuyHbIX 00pa3noB 3anuMaeT 30 MuUHYT. C MOMOIIBI0 HAHOTEXHOJIOTUHM ObLIa

CO31aHa KPECMHHUCBAsA MUKPOKaMEpa, B KOTOpOfI IMPOUCXOIUT IIPOUCCC HAI'PCBaA-
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oxnaxaenus JIHK. Kak yrBepxaator pazpadoTunku npudopa, OH MOXKET OIMo-
3HATh MAaTOreH Mpu KoHIeHTpanuu 10 6akTepuii B 0qHOM TTpobde, KoTopas mpe/-
CTaBJIIET COOOM KaICyIy IUaMeTPOM S MM M JJIMHOM 2 CM.

2. MarepuajioBeeHme.

A. Bouiuenauuesanue pyool.

MuUKpoopranu3Mbl IITUPOKO MPUMEHSIIOT JJIsi W3BJICYEHUS METAIOB M3
OTXOJI0B TOPHOIOOBIBAIOIICH MPOMBINIICHHOCTH WJIM MOOOYHBIX Py, KOTOPHIC
CJIMIIIKOM O€JTHBI /ISl TOTO, YTOOBI UX MepepadoTKa OOBIYHBIMU METOJaMH OblIa
SKOHOMMYECKHU BBITOHA.

B KpachHosipckoM kpae, Hanpumep, padoTaroT BOCEMb MUKPOOUOJIOTHYE-
CKUX (PEpMEHTEpOB, MO3BOJAIONINX T00BIBaTH 30JI0TO M3 MOPOJ C HU3KUM CO-
nepxkanvem 3toro meramia. B CIIA 15 % menu n3BiaekaeTcs TAaKUM CIIOCOOOM.

b. buocunme3 — NTpOMBINUIEHHOE TIOJIYY€HUE OPTaHUYECKUX COCITMHEHUMN
(aHTUOMOTUKOB, TOPMOHOB, BUTAMUHOB, aMUHOKHUCJIOT U APYTUX HEOOXOIUMBIX
JIIOJISIM BEILIECTB) C TTIOMOIIBI0O MUKPOOPTaHU3MOB.

Mukpoopranu3Mbl MHTEHCUBHO CHUHTE3MPYIOT KOpPMOBO# Oesiok. Taxoii
OEJIOK OTIMYaeTCs OT paCTEHUH BBICOKUM cojepkaHreM 0enkoB (10 60 % cyxoi
MAacChl) U IPYTUX JIETKOYCBAaUBAEMbBIX yTJIEBOJIOB, BATAMUHOB M MUKPOJJIEMEHTOB.

[IpoMblIlIEeHHOE TTPOU3BOACTBO MOKHO OpPraHM30BaTh Ha OrpaHUYECHHOU
IJIOINIA/IM M TIOy4YaTh OOJIBIIIOE KOJIMYECTBO KOPMOBBIX KOHIIEHTPATOB B JIt000€
BpeMsl T0J1a, TPUIEM MHUKPOOHBIE KJICTKH CIIOCOOHBI CHHTE3WPOBATh OCIKU M3
OTXOJIOB CEIbCKOTO XO3SIIICTBA U MPOMBIIIJIEHHOCTH.

MukpoopraHu3Mbl CHOCOOHBI OY€Hb OBICTPO HApaIMBATh OEIKOBYIO MACCYy.
Hanpumep, pactenus: cou maccoit 500 kr B (paze co3peBaHUs CeMsiH CIIOCOOHBI
B CyTKH cuHTe3upoBaTh 40 Kr OenkoB, ObIK Takou xe maccel — 0,5-1,5 kr,
a IpoxkeBbIe KineTku Maccoi 500 kr — 1o 1,5 T 6eaKoB.

B kauecTBe MCTOYHUKOB KOPMOBOTO O€Jika HanboJiee YaCTO UCHOJIb3YIOT-
Csl pa3lInuHbIEe BUJIBI JPOXOKEH M OaKTepuil, MUKPOCKOTTMYECKHE TPUOBI, OJTHO-

KJICTOYHBIC BOOAOPOCIIN, OEJIKOBEIE KOaryJiThl TPaBAHUCTBIX paCTGHHﬁ.
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3. Ceabckoe X035 CTBO.

A. Yooopenus.

buonoeuueckuit azom. MUKpOOpPraHU3MBI IIUPOKO MPUMEHSIIOTCS ISl T10-
Jy4eHHsl OMOJIOTUYECKUX ynoOpeHuil. A3oTodukcupyromue 6akTepun Ha KOp-
HSIX PACTEHHI cemeiicTBa 0000BBIX BbIpa0aThIBAIOT OMOJIOTHYECKUN a30T.

OCHOBHOM MCTOYHHMK a30Ta B IOYBE — OMOJOrnyeckas azorodukcanus,
T. €. CBA3bIBAHUE aTMOC(EPHOro a30Ta M MEPEBOJ €ro MHUKpPOOpPraHW3MaMu
B YCBOsSIEMbI€ pacTeHUSIMU POpMbl. MUKPOOPTaHU3MBI MOTYT >KUTh B MOYBE Ca-
MU 110 ceOe, a MOTYT HaXOAUThCSl B CUMOMO03€ («COAPYKECTBE») C HEKOTOPHIMU
pPacTCHUSIMH, B OCHOBHOM C 00OOBBIMU — KIJIEBEPOM, TOPOXOM, (Pacoblo, JIFO-
LEepHOM U JIp. bakTepuu «oCeNsoTCsS» Ha KOPHSAX 3TUX PACTEHHUN — B 0COOBIX
KIyOeHbKAX; YaCTO MX TaK M Ha3bIBAIOT — KIyOEHbKOBBIE OakTepuu. B aTnx
MUKPOOPIaHU3MaX COJIEPKUTCA CIOKHBIA (PEPMEHT HUTPOIe€Ha3a, CIIOCOOHBIN
BOCCTAaHOBUTH a30T JO aMMHaKa. 3aTeM C MOMOIIbIO APYTUX (PEPMEHTHBIX CH-
CTEeM aMMHUaK IpPEBpaIaeTCs B APYTUe COCIUHEHHUS a30Ta, KOTOpbIE yCBauBa-
10Tcs pacteHusiMu. CBOOOAHO KMBYIIME OakTepuu CBs3bIBalOT 10 S50 Kr azora
B roJl B pacuete Ha | ra, a kiryOeHbKkoBbie — emie 150 kr, a B 0cobo Onaronpu-
ATHBIX ycloBUsAX — 710 500 kr!

Hcnonb30BaHne OMOJOTHYECKUX yIOOPEHUN BMECTO MHUHEPAJIbHBIX IM03-
BOJIUT HE TOJBHKO MOBBICUTH YPOKAMHOCTH OOJIBLIIMHCTBA CEIbCKOXO3SIMCTBEH-
HBIX KyJIbTyp Ha 15-35 % (4TO MOATBEPKACHO MPAKTUKOWN) U CAenaTh UX CTa-
OWJILHBIMH, HO U B JIOCTATKE HACHIIIATh MCTOMIEHHYIO TOYBY KaK a30THBIMH,
Tak ¥ (HOCPOPHBIMU, KATUUHBIMU YAOOPEHUSIMH, HE HECS MPHU 3TOM OOJIBIINX
¢unaHcoBbIX 3aTpar. Kpome Toro, npoaykius, BbIpallieHHasi MpyU UCIOJIb30Ba-
HUU OaKTepuadbHBIX YIOOpeHUH, 00Ja7aeT BBICOKMM JKOJIOTHUYECKHM Kade-
CTBOM, 00Oraiaercs BUTAMUHAMU, MUKPORJIEMEHTAMH, COJIEPKUT OoJiblIe Oel-
Ka, B 2—2,5 pa3a cHIKaeT cojepxanue HUTpaToB. OHM HETOKCUYHBI, O€30MacHbI

JJI1 4EJIOBEKA, JKUBOTHBIX, ITTHUI], HACEKOMBIX, pBI6.
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Opeanuueckue y0obpenus. COCTOST U3 BEUIECTB KUBOTHOTO U PACTUTEIb-
HOTO TIPOUCXOXKIEHHs, KOTOpbIE, pa3iarasich, o0Opa3yloT MUHEpalbHbIE Belle-
ctBa. buopasnoxkenrne — XuMU4YECKOE U3MEHEHUE U pa3pyIIeHHE CYOCTaHIINK Ha
IPOCTEUIIINE BEIIECTBA C TOMOIIBI0O MUKPOOPTAaHU3MOB.

B mnpomecce a’pobHOM Omosorudeckon (QpepMeHTalu OpPraHuYEeCKUX
KOMITOHEGHTOB, CITyKallliX OJHOBPEMEHHO M Pa3phIXJIUTEIEM, YIaCTBYET MHK-
poOHO-0aKTepuaIbHbIM KOHIJIOMEPAT: Me30(UIIbHbIE, METAHOTPO(DHBIE, KUCIIO-
ToOOpa3ymIue, TepMoQuiIbHbIe U Apyrue O6aktepuu. [Ipu camopaszorpeBaHuu
cyOcTpaTa MpOUCXOIUT CMEHAa MUKPODIOPHI OT ME30PMIBHBIX A0 TEPMOPHUITH-
HbIX oOpa3zoBaHuil. B Omoxumuueckom mporecce OnodepmMeHTanuu moja BO3-
JEHCTBUEM MUKPOOMOJIOTUYECKOTO COOOIIECTBA MPOUCXOAUT TEPEXO0] TPYAHO-
yCBanBaeMbIX (DOPM MUTATEIHHBIX BEIIECTB PACTCHHM M3 OPTaHMYECKUX OTXO-
JIOB B JIETKOyCBamBaeMble (DOPMBI KOHEYHOTO OPTaHHMYECKOTO KOMILIEKCHOTO
ynoOpeHusi. Tak Kak OpraHUYecKUe YJIO0OpEeHHUsI SBISIOTCS €CTECTBEHHBIM dJIe-
MEHTOM TPUPOTHOMN IETOYKH, TO OHU HE COJEpk AT HUKAKOTO Bpeaa AJI Moy-
BbI, YETO HENb3s CKa3aTh O XMMHUYECKH H3TOTOBJICHHBIX MHUHEPAIbHBIX IO/I-
KOpMKax.

HanoTtexHosorun BHOCAT OOJBIION BKJIaJ B MOBBILIEHUE YPOKAWMHOCTU
CEJIbCKOXO3SMCTBEHHBIX KYIbTYP U MPOTYKTUBHOCTH KUBOTHBIX.

HampuMmep, HaHOKAICyIbl ¢ MUKPOAJIEMEHTaMU, 100aBJIEHHbBIE B y100pe-
HUS, TOBBIMAOT UX d(PekTnBHOCTh. HaHOM00aBKHM yIydIiaoT KOpMa B KH-
BOTHOBO/ICTBE.

[IpuMeHeHne HaHOIpENapaToB CTEPOMIHOIO Psia, COBMEIICHHBIX ¢ Oak-
TEPUOPOJIONICMHOM, MTOKa3aJio CyIIeCTBEHHOE (B cpeaHem 1,5-2 paza) yBenuue-
HUE YPOXKAWHOCTH TMPAKTUYECKH BCEX MPOJOBOJBCTBEHHBIX (KapTodenb, 3ep-
HOBBIE, OBOIIHBIE, TUIOJOBO-SITOHBIC) U TEXHUYECKHUX (XJIOMOK, JIEH) KYJIbTYP,
MOBBIIICHHE HMX YCTOMYMBOCTH K HEOJArompHUsITHBIM TOTOJHBIM YCIOBHSIM.

Haan/IMep, B OIIbITaX Ha PA3JIMYHBIX BHUAAX KUBOTHBIX ITOKAa3dHO PEC3KOC II0-
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BBIIIIEHUE UX CONPOTHUBISIEMOCTH CTpeccaM M MH(EKUUsSIM (Magex CHHXKACTCS
B 2 pa3a OTHOCUTEJIBHO KOHTPOJIbHBIX I'PYIIl )KUBOTHBIX) U IOBBILIEHUE MPO-
TyKTUBHOCTH I10 BCEM NOKaszaTessaM B 1,5-3 pasa.

b. Cenexyua pacmenuit u scugommuix.

JUis nonyuyeHuss HauOosiee NPOAYKTHBHBIX (OPM MHKPOOPTraHU3MOB
(IITaMMOB) HIMPOKO MPUMEHSIOTCS METOJIbI cenekuuu. [lyrem orOopa BbLaEnS-
I0TCSL pacbl MUKPOOPTraHW3MOB, HauOOJiee aKTUBHO CHUHTE3MPYIOLIUE TOT WU
VHOW WCIIOJB3YyEMBIH YEJIOBEKOM MPOAYKT. MHUKpOOpraHu3sMaMm CBOKWCTBEHHA
HACJIEICTBEHHAs: U3MEHUYMBOCTh (MyTanuu). Ilyrem orGopa myTtauuii u coszia-
I0TCS1 HauboJIee AKTUBHBIE Pachl U IITAMMBI.

JIns moJiydeHus BBICOKONPOAYKTHUBHBIX IITAMMOB MHKPOOPTaHU3MOB
B MOCJIEIHEE BPEMsI OCOOEHHO HIMPOKO MCHOJIB3YETCS METOJ IKCIEPUMEHTAIb-
HOTO TOJYYEHHs] MyTaluid MyTEM JACUCTBUA JIyYEH PEHTIE€HA U HEKOTOPBIX XH-
MUYECKHX CO€TUHEHMH. TakuM crnocoOOM yNaeTcsi MOBBICUTh HACJEICTBEHHYIO
U3MEHYMBOCTh MUKPOOPTaHU3MOB B JECSTKH U COTHHU pa3, Oiarojaps yemy o0-
JIeT4aeTcsl U YCKOPSETCsl MPOLIECC 0TOOPA BHICOKOMPOIYKTUBHBIX IITaMMOB. Oco-
OEHHO OOJILIIMX YCIEXOB JO0CTUrNa (apMaleBTUUYECKass IMPOMBIIUIEHHOCTD,
B YACTHOCTH IPOU3BOACTBO aHTUOMOTHKOB. OTeuecTBeHHbIE yuenble (C. . Anu-
XaHSH W Jp.) NOJYYWIM MHOTOYMCJIEHHBIE PEHTT€HOMYTAlMH, KOTOpBIE IAOT
B JIECATKU pa3 0oJiee BHICOKUN BBIXOJl aHTUOMOTHKOB, YEM HCXOJHBIE KYJIbTYPHI
MHUKPOOPIaHU3MOB.

Cenexkuusi HAXOIUT WIMPOKOE MPUMEHEHUE U B OTHOLIEHHH MHUKpPOOpra-
HU3MOB, UCIOJIb3YEMBIX B MMPOMBIIIIIEHHOCTH. Hanmpumep, ApoxxeBbie rpuOKH,
BbI3bIBaIOLIME OpOKEHUE B TECTE, TaKKe 00JIaJaloT pa3HbIMU cBoiicTBamu. Ha
OCHOBE CEJIEKIIMH BBIACIAIOTCS Hauboyiee MPOAYKTHUBHBIE IITAMMBI, CIOCO0-
CTBYIOIIIME MOBBIIICHUIO KauecTBa xJjeda.

HakoHen, Hy’KHO UMETh B BUAY, UTO MyTallMl MPOUCXOAST U y OOJIe3HE-

TBOPHBIX MHKPOOPIraHH3MOB, BBI3BIBAIOIIHUX 3a00JIEBaHMS 4YEJIOBEKA. Huorna
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OHM MPUBOJSAT K MOBBIILIEHUIO BPEIOHOCHOTO JEUCTBUS (BUPYJIEHTHOCTH) MUK-
po0a, YTO MOKET UMETH TSAKENbIE MOCIEACTBUS IS UETIOBEKA.

MeToabl ceneKIun:

1. MckyCcCTBEHHBIN METAreHEs3.

C moMomipl0 PEeHTIeHOBCKUX Jy4eH, yhbTpaduosiera, XUMHUUYECKUX CO-
€IMHEHUN U IPYTUX MYTareHHbIX ()aKTOPOB MOBBIIIAETCS B COTHU pa3 MyTallu-
OHHBII MPOLIECC C LEITBIO MOJIYYEHUS HYKHBIX MyTalIHM.

2. HckyccTBeHHBI 0TOOD.

Ocy1iecTBIIsSIETCS OTOOP pac MUKPOOPTaHU3MOB, Hau00JIee aKTUBHO CHH-
TE3UPYIOMIHUX HEOOXOIUMBbIE YETIOBEKY COEAMHEHHUS.

3. I'eHeTnyecKas MHKEHEPHUSL.

I'eHeTn4eckasi MHKEHEPHs — LCJICHANIPABICHHOE U3MEHEHHE U KOHCTPY-
upoBaHue HacyeacTBeHHoro marepuana (JIHK) xuBbix opranusmos.

Monekynsl JIHK, co3maBaemble METOJIaMU TEHETUYECKOW HHKEHEPHH,
Ha3bIBAIOT PEKOMOUHAHTHBIMH.

[Tocne Toro kak B Hayasie 70-x rr. XX B. ObUT pa3padoTaH METO]] MOTYYESHHUSI
pexomOunanTHbIX JIHK, uykepoaHbie TeHbI cTaiay BBOJIUTH B KJIETKH OaKTepHil,
pacTeHuil ¥ KUBOTHBIX. Takue opraHu3Mbl MOJTYYMIIM Ha3BaHUE TPAHCT €HHBIX.

OcHOBHBIE 3Tanbl FEHHON UHXXEHEPUH:

1) HeOOXOAMMBIN T'€H BBIACISIIOT U3 €CTECTBEHHBIX UCTOYHUKOB MU CHUH-
TE3UPYIOT XUMUYECKUM ITYTEM;

2) monmouparoT BekTop (Moiaekyny JIHK, mepenocsmyro HEoOXOaUMBIN
I'€H B KJIETKY);

3) BEKTOp U MEPEHOCUMBIN TeH 00BEIUHAIOT (PUC. 6) B €AMHYIO CTPYKTY-
py (pekomOunanTHyt0 Monekyny JJHK);

4) equHy10 CTPYKTYpPY, COACP KAy BEKTOP U I'€H, BBOASAT B KJIETKY Op-

TraHU3Ma-X03s11MHa UJIN B €TI0 HfIHeKHGTKy.
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Puc. 6. Coznanune pekomOuHanTHoM (rudpuanoii) JJTHK

Cnocobwt 6sedenus /[HK 6 knemky opeanusma-xo3auna

1. MukpouHbeKIHS.

2. YnakoBka B JUNOCOMBI. [l0JIOCTH JIMIIOCOM 3amOJIHSIOT BEKTOPAMHU.
JIumocoMbl MPOHUKAIOT B OMCIION JTUMUAOB KJIETOYHOM MeMOpaHbl, pacTBOpSI-
I0TCS B HEM, a UX COAEPKUMOE (BEKTOPBI) OKA3bIBAETCS B LIMTOILJIA3ME KIETKH.

3. Tpauncdexusa. Bextopsr o6padbarpiBaroT noHamMu Kanbims. O0pa3yto-
II1MECS HAHOKOMILUIEKChl HOHOB U BEKTOPBI OKPYKAKOTCA OTACISIFOUIUMUCA OT
KJIETOYHOM MeMOpaHbl (parMeHTaMH. YTaKOBaHHbIE B MEMOpaHbl HAaHOKOM-
IJIEKCHI BEKTOPAa U MOHOB KaJIbLIMS MPOHUKAIOT B BUJIE€ MUKPOITY3bIPHKOB B I[U-
TOIUIa3My KJIETKHA. MeTox MPUMEHSIOT Il BHEAPEHUSI BEKTOPOB B 3YKapUOTH-
YECKUE KIIETKHU.

4. Dnextponopauus. [Tpu Bo31elCTBUM HA KJIETKU UMITYJIbCAMU BBICOKO-
ro Hanpsbkenus (200-350 B, anurensHOCTh 54 MC) MOKHO YBEIUYHUTH MPOHU-
IAaEMOCTh KJIETOYHBIX MeMOpaH. Uepe3 oOpa3zyrouuecs Ha KOPOTKOE BpeMs
B MeMOpaHe MHUKPOTOPHI BEKTOPHI MPOHUKAIOT U3 OKPYKAroIeh cpennl (pac-
TBOpA) B IIUTOIUIA3MYy KJIETKHU.

5. boM0OapaupoBaHre MUKPOYACTUIIAMU. DTO OJIMH U3 caMbIX d(hPEKTUB-
HbIX METOJOB B F'€HHOW WHXEHEPUU pACTCHUU. [[1s BHEAPEHUS HCMOJIB3YIOT

HEC3PCJIbIC 3apOAbIIIN CCMSH. Nx IMOABCPIraroT GOMGapILI/IpOBaHI/IIO qaCTugaMu
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30JI0Ta WK BoJibpama (auamerp okojo 600 HM), HA KOTOpPhIE HAHECEHO II0-
KpPBITUE U3 BEKTOPOB. DTUMH YAaCTUIIAMU 3aPSIKAIOT «TE€HHbIE MYIIKWY, MOCIIE
BBICTPEJIOB U3 KOTOPBIX YACTHUILIBI IPOHUKAIOT B PACTUTEIbHBIE KIIETKHU.

B texnonorun pexomObunantHeix JIHK npegycmorpeHo ucnonb3oBaHue
CJIEAYIOIIUX METOOB:

e crneuuduueckoe pacuemienne JJHK pectpunupyromumu Hykiea3amu,
YCKOPSIOLIEE BBIJICIICHUE U MAHUITYJISILIUKU C OTACIIBHBIMU T€HAMHU;

® OBICTPOE CEKBEHUPOBAHUE BCEX HYKJICOTHIOB HA OYUIICHHOM (parMeH-
te JIHK, 4T0 mo3BosigieT onpenenuTs rpaHulbl T€HA U AMUHOKHUCIOTHYIO T1O-
CJIEI0BATENBHOCTD, KOAUPYEMYIO UM;

e KOoHCTpyHupoBaHue pekomOuHantHou /IHK;

e THOpUIM3AIUS HYKJICHHOBBIX KHUCJIOT, TTO3BOJISIONIAs BBISBISTH CICIU-
dbuueckue nocnenosarenbHoctd PHK unu JIHK ¢ Gonbiieit TOUHOCTHIO U 9y B-
CTBUTEJIBLHOCTBIO M OCHOBaHHAs HA MX CHOCOOHOCTH CBSI3bIBaTh KOMILIEMEH-
TapHBIE MTOCIEA0BATEIbHOCTH HYKJIEMHOBBIX KHCIIOT;

e wionnpoanue JIHK: BocmpousBoacTBO xuBOro (aMruiddukaius
Invitro) ¢ MOMOIIBIO IEMTHOM MOJMMEPA3HON PEaKIIMU UM BBEJICHUE (hparMeHTa
JIHK B OakTepualibHYyI0 KJIETKY, KOTOpas Mocjie Takol TpaHchopmanuu BOC-
MPOU3BOAUT 3TOT (PparMeHT B MUJUTHOHAX KOIIHIA;

e BBejeHUe pekomOuHaHTHOM JJHK B kiieTku miin opranu3mel.

Texnonorus pexkomOunantabix JIHK caemana BO3MOXHBIM HCIIOJIB30BA-
HUE HETPAJUIIMOHHOTO MOAX0/a «OEOK — reH», MOJyYHBIIEr0 Ha3BaHUE «00-
paTHasi TEHETHKA.

[Ipu TakoM moaxoje U3 KIETKU BBIACISIOT OEJNOK, KIOHUPYIOT T'€H 3TOTr0
oenka, MOAU(PUIUPYIOT €ro, co3JaBas MYTAHTHBIM T'€H, KOIUPYIOIIMA U3Me-
HEHHYIO0 Qopmy Oenka. [lomyueHHbIi reH BBOAST B KIETKY.

Ecnu on skcnpeccupyercsi, Hecylias ero KjieTka MU €€ MOTOMKHU OyAyT
CUHTE3UpPOBAaTh U3MEHEHHBIN Oesiok. Takum oOpa3oM, MOKHO MCHIPABIATH Je-

q)CKTHBIC I'CHBI U JICUHUTDH HACJICACTBCHHBIC 3a00JIEBaHMUS.
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MeTtoabl T€HHOM HWHKEHEPHUM ITO3BOJISIOT MPOBECTH T'€HETHUYECKYHO Iac-
MOPTHU3AIMIO, TUArHOCTUPOBATh TEHETHUYECKHE 3a0osieBanus, co3naBarh JIHK-
BaKI[MHBI, MPOBOAUTH T€HOTEPAIUIO PA3INYHBIX 3a00JIEBaHUI.

HeOnaronpusiTHast skojiorudeckasi 00OCTaHOBKA W LEJIbINA PsAJl IPYyTUX MO-
NOOHBIX MPUYUH NPUBOAAT K TOMY, UTO BCE OOJIbLIE JAETEN POXKAAECTCS C CEePb-
€3HBIMHM HacjeJCTBeHHbIMU nedekramu. B Hacrosmee Bpems uzpectHo 4000
HACJIEJICTBEHHBIX 3a00JIeBaHUM, Il OOJBIIMHCTBA M3 KOTOPBIX HE HaWJIEHO
() PEKTUBHBIX CITIOCOOOB JICUCHHS.

['enHble MHXKEHEPHI YK€ BHECIU CBOM BKJIAJ B PELICHUE 3TOM MPOOIIEMBI,
pa3padoTaB JUAarHOCTUYECKHUE MpenapaThl, O3BOJISIONME OOHAPYKUBATh T'eHE-
TUYECKHE aHOMAJIMH B TIEPHO]I OEPEMEHHOCTH, UYTO JJA€T BO3MOKHOCTh MPEAOT-
BpaTUTh poxaeHue 00apHOTO pedenka. Onnako Oonee 1 % Bcex HOBOPOXKIICH-
HBIX MUMEIOT TeHETHYECKHEe 3a00JIeBaHUS, KOTOPBIE MPUBOAAT K (DU3UYECKUM
Y YMCTBEHHBIM HAPYILICHUSM, a TAKKE K paHHEW CMEPTH.

bykBanbHO ¢ MOMEHTa CO3/1aHUS T€HHOW MHXEHEPHUM YYEHBIC 3a7aJIUCh
1IeJIbI0 pa3paboTaTh METOAbl UCTIPABICHUS T€HETUYECKUX MOBPEKACHUN IMyTeM
BBEJICHUS B OpTraHU3M «310pOBbIX» TeHOB. B 1989 r. B Hanmonansueix MHCTH-
tyTax 3a0poBbs CIIA BrnepBbie ObUla NpEeANPUHSATA NOMbITKA MPUMEHUTH
B KJIMHUYECKOW MPAKTUKE T'€HOTEPAIUIO Ui JICUEHHUs OMACHOIro 3a00JieBaHUs
«TspKeNbI koMOMHUpoBaHHbIM ummyHonepuuT» (TKM/). B Hacrosiee Bpe-
Ms reHorepanuss TKW/[ mpoxoauTt 3aBepliarollyr0 CTaIui0 KIMHUYECKUX HC-
MIBITAaHU.

Haunbonee oOHanexxuBaroIme pe3yiabTaThl 0KUIAIOT B T€X CiydasiX, KO-
raa 3aboseBanure o0yciOBIEHO AedEeKTOM OJHOTO reHa. B aTom ciyuae nona-
raroT, 4YT0 HEOOXOAMMO BBOJIUTh HOPMAJIbHBIM I'€H B COMATHYECKUE KIIETKU
MPUIEIHPHO B TO MECTO HAa XPOMOCOME, rie HaxoauTcs nedexTHbiii reH. [lpu
TOMOJIOTHYHON PEKOMOMHAIIMKA BBEJICHHBIM T'eH 3aMeCTHT AcheKTHBIN. Takoi
OJIHOKpPATHOM MPOLEAYPHI B psifie ciiydaeB OyJeT JOCTATOYHO, YTOOBI U3JIEUUTD

0one3nb. OAHAKO Ha MPAKTUKE OYEHb TPYAHO MPOKOHTPOJIUPOBATH CYALOY
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BBeAeHHOM B kieTku JJHK, u Ha 0JiHO mpaBuiIbHOE BCTpauBaHUE B T€HOM MpHU-
xoautcst 6osee 1000 ciyuaiinpix. PaspabarpiBaeTcs W Apyroi mojaxoj, Korma
BBEJICHHBI T'€H HE 3aMeHseT Ne(EeKTHBIM, a KOMIIEHCUPYET ero (yHKIIHIO,
BCTPAUBASCh B XPOMOCOMY B JIDYT'OM MECTE.

[IpumepamMu MpUMEHEHHsI TCHHOW WHXKCHEPUH SIBIISIOTCS: TIOJIyYCHHUE Te-
HETUYECKU MOJU(DUIIMPOBAHHBIX COPTOB KYJBTYPHBIX PAaCTEHUMN, 00JIaqat0NX
HOBBIMU TOJIE3HBIMU CBOMCTBAMHM; CO3JaHUE OaKkTepuil U rpudOB, MPOAYLIUPY-
IOIX TOPMOHBI, aHTUOMOTHUKH, BUTAMHUHBI, PEPMEHTHI U IPyTHE BEIIECTBA IS
HYX]T (apMaIeBTUUEeCKON 1 MUIIEBOM MPOMBINIJIEHHOCTH; CO3/IaHUE TPAHCTCH-
HBIX )KMBOTHBIX B Ka4e€CTBE >KUBBIX (PpaOpUK JIsi MPOU3BOJCTBA OMOMEIUIMH-
CKHX IpenapaToB, a TAK’Ke€ HOBBIX MTOPO/I IKCTIPUMEHTAIBHBIX MBITIECH (HOKay-
ThI) JIJISI HAYYHBIX UCCIEOBaHUMN (DYHKIIMOHUPOBAHUS ONIPEICICHHBIX T€HOB.

MHorue HacleICcTBEHHbIe 3a00JieBaHUs CBs3aHbl ¢ mosiBieHneM B JIHK
XPOMOCOMBI UBMEHEHHOTO («HEHOPMAaJIbHOT0») TeHa. DYHKIIMOHUPOBAHUE Ta-
KOr0 T'€Ha MPUHOCUT OpPraHu3My TOJIbKO Bpeid. s Takux ciiydaeB y4eHbIMU
pa3paboTaH OPUTHHAIBHBIA CITOCOO JICUCHUS, MOTYyUYUBIINN Ha3BaAHHE T€HHOTO
TAPreTUHIa WIK TeHHOTO «HOKayTay. OH 3aKiIiouaeTcs B MOJTHOM MOAABICHUU
(BBIKJTIOYEHUH) (DYHKIMU ONpEAesIeHHOro reHa. JJis 3Toi 1enM MCHoJib3yeTcs
yHUKaJIbHAsi HAHOOMOTEXHOJIOTHsI, 00ECTIeYMBAIOIIasi 3aMEHY HOPMAaJIbHOTO Te-
Ha B 3apOJBIIIEBON KIIETKE Ha «CIOMAaHHYI0» KOMHIO. B «ClIOMaHHYI0» KOIHUIO
reHa HCCIIeIOBATeIM BKIIIOYAIOT CIICIHAIBHYIO BCTaBKY W3 HYKJICOTHUJIOB.
TosbKO TaKOW BCTAaBKOM M OTJIMYAETCS «CJIOMaHHas KOMHUS OT HOPMAaJbHOTO
reHa. BctaBka caBuraer pamMKy CUMTHIBaHMS HACIEICTBEHHOW WH(OpMAIIWH,
KOTOPYIO COJICPKHUT «CJIOMaHHas» Komus. M3-3a 3Toro 0ei10K, KOTOPhINH KOJIH-
pYETCsl ’TUM T€HOM, HE CUHTE3UpyeTcs (T. €. TeH He (PYHKIIMOHUPYET), a 3a00-
JIEeBaHUE, CIE0BATENIbHO, HE TIpOosiBIIsieTcsl. B HacTosiiee Bpems yxe COTHU 00-
JIE3HEN YeJIOBEKA IMOJIJIAI0TCS U3JICUCHUIO C MOMOIIbI0 TEHHOW Tepanuu U T'eH-

HOT'O Tapre¢THUHra.
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B o0nactu HaHOOMOTEXHOJOTHM CO3/IaHHWE TE€HHO-MHXEHEPHBIX XHMEp-
HBIX OEJIKOB, MOHHBIX KaHAJIOB U OMOJIOTMYECKUX MOTOPOB C MPUHIUIINAAILHO
HOBBIMHU CBOWMCTBaMH JIO)KUTCSI B OCHOBY COBPEMEHHBIX OMOCEHCOPOB, CUCTEM
JIOCTABKH JIEKApCTB U T. II.

4. [TumeBasi NPOMBINLJIEHHOCTD.

IumeBasi 6MOTEXHOJIOTHSI — COBPEMEHHOE M MEPCIEKTUBHOE HAIPABIICHUE
B MMUIIEBOM MPOMBIIUIEHHOCTH, B OCHOBY KOTOPOTO TMOJI0KEHBI OUMOTEXHOJIOTHYE-
CKHE MPOIIECCHI JIsI MOJTYYEHHUS TUIIEBBIX MTPOIYKTOB U PA3TUYHBIX (HOPM MHUIIIH.

HamnpaBnenus HaHOOMOTEXHOJIOTMH B OOJACTH MHILEBOW MPOMBIIUICH-
HOCTH:

A. CHudiceHue Koluuecmea >cupa B IPOyKTaxX ¢ MOMOIIBIO J0OaBICHUS
HAaHOCTPYKTYPUPOBAHHBIX HUHIpeaueHTOB. [[o BUy U BKyCy Takue MPOAYKTHI,
110 MHEHUIO Pa3pabOTYNKOB, HE OYyT OTIUYATHCS OT «KUPHBIX». B UX cocTtaBe
HE MCIOJIB3YIOTCS HEPACTBOPUMBIC BEIIECTBA, W BpEJ ISl YEJIOBEKa MOXKHO
CUMTATh MUHUMAJIbHBIM, HAIlPUMEP MalOHE3 WJIM MOPOKEHOE, KOTOPhIE COCTO-
AT U3 HIMYJIbCUU C HAHOKAIUIAMU BOJAbI BHYTPH.

b. Co30anue noevix memoooe nepepadomku u XpaneHus NUULEEHIX
nPOOYKmMOG:

— MOJICJIMPOBAHKE aHAJIOTOB 3aMaxoB,

— IPUMEHEHUE CTaOMIN3aTOPOB,

— U3MEHEHHE CBOMCTB MPOJIYKTOB (aApOMATU3ATOPHI U KPACUTEIH),

— CHUHTE3 0eJIKa MUKPOOPTaHU3MaMHU.

B. Hoevie mukpoonwvie npouzsoocmea.

B xumuyeckux mpou3BOACTBAX KJIACCMUECKUE BHUJIbI OPOKEHUS JIOTIOJIHS-
I0TCS HOBBIMH TEXHOJIOTUSIMH MPOU3BOACTBA OUOMPOIYKTA C MMOMOIIBIO MUKPO-
opranu3MoB. M3 rpr0oB Mojay4daroT KapoOTUHOUIBI U cTepouibl. Korna BbisCHU-
Jock, uto Oaktepus Corynebacterium glutamicum W3 caxapa U COJIM aMMOHUS
C OOJIBIIIUM BBIXOJOM CHUHTE3UPYET TTTyTAMUHOBYIO KHUCIIOTY, ObUIA BBIJCIICHBI

6aKT€pI/II/I n pa3pa60TaHLI MCTOAbI, C IMOMOIIIBIO KOTOPBIX MOKHO B OOIBIINX
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MacmTadax IpoOr3BOJIUTh MHOTHE aMUHOKHUCIIOThI, HYKJICOTH/IBI U PEAKTUBBI IS
OMOXMMHUYECKUX UCCIICTOBAHUM.

I'. Buokamanuzamoput uau ghepmenmel.

depMeHT — HaHOpa3MepHas MOJIeKyJsa Oelika, KOTopas BBHICTyHaeT KaTa-
JN3aTOPOM B XUMHUYECKOU peakIuu.

OmnpeneneHHble PEPMEHTHI MOXKHO BBIIEIUTh U3 OPTaHU3Ma, KOTOPBIN HX
MPOU3BOJUT, WU M3TOTOBUTH HCKYCCTBEHHBIM IIyTEM, a 3aT€M MPUMEHSThH
B Pa3JIMYHBIX MPOU3BOJCTBEHHBIX Ipolieccax, BKIIOYas MPOU3BOACTBO IHIIIE-
BBIX IIPOJIYKTOB.

TpeMmsi OCHOBHBIMM HCTOYHMKAMU HATYPaJIbHBIX (DEPMEHTOB SIBIISIOTCS
pacTeHus, KUBOTHbIE U MUKPOOPTaHU3Mbl. MUKpPOOPraHU3Mbl HCIOJIB3YIOTCS
0oJsiee MMPOKO, YEM PACTEHMS U )KMBOTHBIE, TOCKOJIBKY UX MPOU3BOJICTBO, KaK
IpaBUIIO, JIeUIeBie, a UX (PEpMEHTHBIM cOCTaB OOBIUHO JIerde MPOrHO3UPOBATH
U KOHTpoaupoBaTh. Kpome Toro, jierdye opraHu3oBaTh MOCTAaBKY ChIpbsi. Dep-
MEHTBI, IPOU3BOJIUMBIE TprUOaMu (aMuiIa3bl, IUAKTa3bl U T. 1I.), U3TOTABIIUBA-
I0TCS TIyTEM CTUMYJIALMKU (pepMeHTaluu cyocTpara (Hampumep, oTpyoeit nmum
IbIpes) MUKPOOPTaHU3MaMHU.

B nacrosiniee Bpemsi pepMEHTHI IHUPOKO MPUMEHSIIOTCS B MPOU3BOJICTBE
MUIIEBBIX MPOAYKTOB JUISl YJIYUIIEHUS TEKCTYpPhl, BHEIITHETO BUJA, MUTATEIIb-
HOM LEHHOCTH U apoMarta MpOIyKTOB TUTAHHSI.

[IpeumyiiectBa (hepMeHTOB: OHMOpa3iaraéMoOCTh M BBICOKasl creruduy-
HOCTb, OJjarojiapsi KOTOpPOW YMEHBIIAETCS KOJUYECTBO MOOOYHBIX peaKIMii
¥ MOOOYHBIX MPOIYKTOB U, CIEAOBATEIbHO, MOBBIIIAETCS KAUeCTBO MPOAYKIIUU
Y CHUKAETCSl BEPOSITHOCTD €€ 3arpsi3HEHUSI.

. Hoevle nuuiesvle 0o6asku, B ToM duciiec PEepMEHTHI U dMYIBIaTOPHI
(mpoayuurpyeMble MUKPOOPTraHM3MaMu aMUHOKHCIIOTBI, OPraHUYECKUE KUCIIO-
ThI, IOJIUMEPHI U JIP.):

® JINMOHHASl KMCJI0TA, KOTOPYIO PaHbIlIe TOTyYaau U3 IJI0JI0B LIUTPYCO-
BbIX. B Hacrosimiee Bpems ee moiy4yaroT mytem OposkeHusi. Bo3doynurenem Opo-

KEHUS SBISIETCS TpUd Acnepeuniyc nueep, OCHOBHOE ChIpbE€ — YEpHasl MaTOKA.
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BbposkeHune npoucxoauT B pacTBope ¢ cojepxkanueM 15 % caxapa B aspoOHBIX
ycinoBusx npu temrmeparype okoso 30 °C. JIuMoHHasi KUCI0Ta MCHOJIb3YETCS
B KOHJUTEPCKOW MPOMBIIUIEHHOCTH, MPOU3BOJCTBE OE3aIKOTOJbHBIX HAIMT-
KOB, CHUPOTIOB, B KyJIMHAPUHU U MEIUIINHE;

e (hepMeHT XUMO3MH, UCIIOJIL3YEMbII B ChIpoBapeHuu. J[o BHEApeHUs O1o-
TEXHOJIOTUYECKUX METOJUK ATOT (EPMEHT MPUXOAUIIOCH U3BIIEKATh U3 JKEIYI-
KOB TEJIAT, ATHAT WJIA KO3JISIT, @ CETOJIHSI OH CUHTE3UPYETCsl OaKTepusMHU, B Te-
HOM KOTOPBIX BCTPOEH COOTBETCTBYIOIIUMN T'€H;

® OpPraHMYEeCKUE€ W HEOPraHWYECKUE HAHOMO00ABKH, UCIIOJIb3YEMBIE IS
W3MEHEHUS 1[BETA, apomarta, yJAaJICHUs] HeMPUSITHBIX 3al1ax0B U JIaXKe JUIsl 3allu-
Thl OT MUKPOOOB;

® HAHOKAICYJbI, COJIEpXKaIllMe MUTATEIbHBIE BEIIeCTBa (MUKPOAJIEMEH-
ThI, TAKUE KaK KeJe30, IUHK, (oiueBas KUCIOTa UM BUTAMHUH A, KOTOPBIU
MOXET MPEJOTBPATUTh WJIK PEIIUTh NPOOJIEMY HEMOJHOIEHHOTO TUTAHMUS).

B 2011 r. B AMcTepmame ObIIO CO3/1aHO MporpammupyeMoe BuHO (Nano
Wine) [1]. Tlo Bkycy 310 00bI9HOE «Mepiio», OTHAKO C IIOMOIIbIO HarpeBa B MHK-
POBOJIHOBOM MeUU JI0 ONPEAEIIEHHON TEMIIEPATyPhl €ro JIErKO MOXHO MPEBPATUTH
B «Kabepney, «I[luno Hyapy», «Manbbek» u ap. (puc. 7). DTO «BUHO» COJICPKUT
OTPOMHOE KOJIMYECTBO HAHOKAIICYJI, KOTOPHIE PACKPHIBAIOTCS MPU PA3HBIX YCIIO-

BUSIX 00pabOTKY M MMPUAAIOT HAMTUTKY TPeOyeMbIi IIBET, BKYC M apOMar;

MONTERULCIAND
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Puc. 7. NanoWine. BaHemrnuii B 1 «<AHCTPYKITHSI»
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® HAHOOMOAATYUKH — 3TO YCTPOUCTBA, KOTOPHIE BKIFOYAIOT:

a) )KMBOW OpPraHu3M WM NPOAYKT, MOJYyYaE€MBbI OT >KMBBIX CHUCTEM (Harl-
pumep, pepMEeHT Ui aHTUTETIO);

0) npeoOpazoBarenb sl OCYIIECTBICHHUS] WHIUKAIIMKM, TOJAa4yd CHUTHaja
uiu Apyroil GopmMbl MOATBEPKACHUS MPUCYTCTBUSL OMPEACICHHOTO BEIIECTBA
B OKPY’KAIOIIEU CpeLe.

B Ouoparurkax, Hanpumep, MOTYT HCIOIb30BaTh (PIIyOopecupyIOIINe N
MarHUTHbIE HaHOYACTHUIIbI. J[aHHBIE HAHOYACTUIIBI BHIOOPOUYHO MPUKPEIUISIOTCS
K OIpeJICJICHHBIM 00JIE3HETBOPHBIM MUKPOOPTaHU3MaM B IHIIIE, MOCIIE YEro JJIs
OOHApy>XEHUsS] TPUCYTCTBUS JaKE MaJCHIIUX CJIEIOB 3TUX MUKPOOPraHU3MOB
UCIIOJB3YIOTCS TPUOOPHI, YyBCTBUTEIbHBIE K UHPPAKPACHOMY WM MAarHUTHO-
MY H3JIyYECHUIO.

HanopaTtunku npuMeHEHSIOTCS IS MOHUTOPUHTA U KOHTPOJISI TEXHOJIO-
TUYECKHUX MPOILIECCOB:

— VIS CTA0MJIM3alUM MAapaMeTPoOB IMPOU3BOACTBEHHBIX IMPOLECCOB
(TemriepaTtypa, AaBJICHHE U T. JI.) HAHOJATYMKHU, BEPOSITHO, 3AMEHST TPATUIIUOH-
HbIC JTATYMKHU, UCTOJIb3YEMbIE B MPOU3BOJACTBE MPOAYKTOB IMUTAHUS W HAMUT-
KOB, WJIM CTAHYT UX JOIOJHEHUEM;

— ISl O0OHapyKeHus 00J1e3HETBOPHBIX MUKPOOPraHU3MOB HAaHOJAATYH-
KM MOXHO pa3MellaTh BHYTpU 0OOpYyJAOBaHUS JJI MPOU3BOJICTBA U pacmpejie-
JIEHUS MPOIYKTOB MUTAHUS (M B KOHEUHOM MTOT€ B YIIAKOBKE ISl IPOIYKTOB).

Pa3pabarpiBaroTCsi HAaHOJATYMKUA C HAHOYACTHUIIAMH, KOTOPBIE CBETATCS
pPa3IMYHBIMU LIBETAMH B 3aBUCUMOCTH OT IMIPUCYTCTBUS TOI'O WUJIM UHOTO O0JEe3-
HETBOPHOTO MHUKpoopraHusma. PaboOTHHKH, CHaOXXEHHbIE PYYHBIMU HH( pa-
KPAaCHbIMU WJIM MarHUTHBIMH JIaTYUKAMH, CMOTYT OOHApYXHUTh MPUCYTCTBUE
00JIE3HETBOPHBIX OPraHU3MOB U JIa3K€ OMPEETUTh UX KOJIUYECTBO;

— IVI. MOHUTOPHUHIAa cBexkecTH. HaHOMATUMKU CMOTYT KOHTPOJIUPOBATH
COCTOSIHME MPOAYKTOB MUTAHUS TIPU TPAHCIIOPTUPOBKE WIJIM XPAHEHUU U COOO-

IIaTh O IPU3HAKAX IMOPYN WK 3arpA3HCHHA BJIAJCIIbIAM HIIHA l'IOTp€6I/ITCJ'I$IM
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IPOIYKTOB MUTaHus. Hampumep, HaHOYACTHITBI, BXOSIINE B COCTAB YITaKOBKH,
pearupyroT Ha HM3MEHEHHsI MOJIEKYJISIPHOTO COCTaBa HAUMHAIOIIETO CKHUCATh
MOJIOKA, YTO BBI3bIBAET U3MEHEHUE I[BETA YIIAKOBKHU.

5. JHepreTnyeckasi NPOMbIIIJIEHHOCTb.

HaHOoOMOTEeXHOIOTHY TIO3BOJISIOT TMOJYYUTh HOBBIC BHJBI TOIUIMBA, OT-
KPBITh CIIOCOOBI €ro MOJTy4YeHUs, XpaHEeHUsI, UCTIOb30BaHusl. Ha ceroaHsmHui
JIeHb HanmOoJiee MEePCIEeKTUBHBIMU pa3pabOTKaMu SIBIISIOTCS TEXHOJIOTUM TOTY-
YeHUs OMOTOIUIMBA (BOJOPOJA, dTAHOJA U OMOAM3EIISA) C IMMOMOIIBIO MUKPOOP-
TraHW3MOB OJiarojapsi UCIOJIb30BAaHUIO OTXOJOB PA3IMYHOTO MPOUCXOMKICHUS
B Ka4yeCTBE MUTATEIbHON cpenpbl. [Ipm 3TOM pemaroTcs Kak dHEPreTHYecKHe,
TaK 1 9KOJIOTHYECKUE TTPOOIIEMBI.

[IpeumyniecTBa moyiydeHus OMOTOIIIMBA C TOMOIIBI0 MUKPOOPTAaHU3MOB:

® HE3HAYHTEIIbHBIC YHEPTCTHUCCKUE 3aTPaThI;

® BO3MOYKHOCTbH CO3/IaHUSI YCTAHOBOK ONTHMAaJIbHON MOIITHOCTH;

® ChIpbE — JTIOOBIC OPraHUYECKUE OTXO/IBI;

® OJHOBPEMEHHOE pPEIICHUE IKOTOTHIECKUX MTPOOIIEM.

JInst IpoM3BOACTBA TOTUIMBA MCIOJB3YyeTCsl cucTemMa (poToOMopeakTopos,
Ha3BaHHas «TOTUIUBHON (epmoit» (puc. 8). OHa He TpeOdyeT MOCTOSIHHOTO MPHU-
TOKa CBEXEW BOJbI U 3aHMMAET HEOOJIBIIOE MPOCTPAHCTBO. B mporecce GoTo-
CHUHTE3a CHHE-3C€JICHbIC OAaKTePUHM HEMPEPHIBHO BHIPAOATHIBAIOT WM BBIICISIOT
OMOTOIJIMBO B OKPYKAIOIIYIO0 UX KUJIKYIO cpeay. CenapaTop peryiasipHO OTAe-
JsieT OMOTOIUIMBO OT BOJBI U APYTHX BEIIECTB, KOTOPHIC BO3BPAIIAIOTCS 00paT-
HO B cucTeMy OmopeakTopoB. «TommuBHas (pepmay o0namaeT BHICOKUMH KO-
HOMHUYECKUMH U SKOJIOTUICCKUMH XapaKTEPUCTUKAMHK 10 CPABHEHHIO C JPYTH-
MU OMOTEXHOJIOTUSIMU MTPOU3BOACTBA OUOTOILIMBA [2].

CyTb mpoM3BOACTBA OMOTOIUIMBA C TIOMOIIBIO CHHE-3€JICHBIX BOJIOPOCIEH
(mmaHoOakTepuil) COCTOUT B TOM, uTO B MoJiekyny JJHK stux mukpoopranus-

MOB YUY€HbIE BCTPOWIM T'€H, KOHTPOIUPYIOUUN 00pa3oBaHue OOJBIIOTO KOJIU-
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yecTBa ATUJIOBOTO crnupTa (3Tanojia). 3atem B JIHK nmanobakTepuii BCTpOUIn
BTOPOM TI'€H, OrPAHUYMBAIOIIAN €CTECTBEHHYIO0 TEHJICHUMIO ATUX BOJOPOCIEH
K MaKCUMaJIbHOMY pOCTYy W pa3MHOxkeHuto. Iloj aeiicTBueM BTOPOro reHa
CUHE-3€JICHbIE BOJIOPOCIM Pa3MHOXAIOTCS BCETO HECKOJIbKO JHEH. 3aTeM OHU
MEPEKIIIOYAIOTCSl Ha CUHTE3 ATUJIOBOTO CHUPTA, MCIOJIB3YEeMOTO B KaueCTBE
OHOTOIUIMBA. DTOT METOJ MO3BOJIWI JOOUTHCI MaKCUMAJIbLHOI'O BBIXO/1a YTUJIO-

BOT'0 CIIMPTa TP MUHUMAaJILHON OnoMacce BOJOPOCIICH.

doTocUHTEIMPYIOLWWE
MUKpPOODraHuaMbl

e et

 UucTepna
[NA XpaHeHun

ConHeyHan
SHeprua

3
.. Cmechk Bogk
W AUaTonnuea

Puc. 8. Cxema «TommBHON (hepMbD»

Pa3paboTanbl mepBbie MTaMMbI OaKTEpHii, KOTOPBIE MOTYT IEPEBapUThH
Ouomaccy U CHHTE3UPOBATh W3 HEE BCE TPU BUJA TPAHCIIOPTHOTO TOIIMBa. bo-
Jiee TOro, MUKpOOBI MOTYT C/I€JIaTh 3TO 0€3 TOMOIIHU J00aBOK (DEpMEHTOB.

Panee campIM AOpOTUM MPOILIECCOM B MPOU3BOJCTBE OMOTOIUIMBA OBLIO
pa3pylieHne JIMHHOMW MEMOYKH IEJUTF0I03bI Ha caxapa, YTO JOCTUTAI0Ch (ep-
MeHTanuen. depMeHThl 00XOAUINCh HE JICIIeBO, U OHU OBUIM PAacXOJHOM ya-
CTBI0, KOTOPYIO HY>KHO TTOCTOSIHHO 3aKyNaTh, TO3TOMY OHHU ObLIM HEKOHKYPEH-

TOCIIOCOOHBI C TPAAUITUOHHBIMU BUJIaMU TOILIIMBA.
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[IpumepHo Tako#l mpoliecc MPOUCXOAUT MPHU MPOU3BOJCTBE TOIJIMBA Ha
«3aBojiey», pa3MEIIeHHOM BHYTpu Oaktepuu (puc. 9). bakrepuu mpou3BOIAT
aTbTEPHATUBHOE TOIUIMBO, & MMEHHO MPEKYPCOPHI JUIsi OCH3WHA U TU3EIHHOTO
TorumBa [3].

baktepun mnepepabarbiBaloT JIOOYH0 OPraHUKy C 3aJaHHON TIIyOMHOU
pacIeryieHus IEJUTIONO03bI U CaXapoB.

Pinene syntheS|s
Butanol syntheS|s
Fatty acid ethyl
ester s nthe&s\'v)J\
y o

Puc. 9. «TonnuBHast pepma» BHYTpU OAKTEPUH,

MPOU3BOIALIAS TUHOH, OYTaHOJI, STHJIOBBIN 3QUp KUPHON KUCIOTHI

6. buosJiekTpoHUKA.

CoBpeMeHHbIE OMO3JIEKTPOHHBIE YCTpOHCTBAa (OMOCEHCOPHI, OMOTOIIUB-
HBIC JIEMEHTHI, OMOYHUIIBI U T. T.) CO3/IaHbl HA OCHOBE HAHOKOMITO3UTHBIX Ma-
TepuanoB. OHU MOTYT UCHOJIb30BATHCS ISl HEMPEPHIBHOIO MOHUTOPHUHTA COC-
TOSIHUSI OpTaHW3Ma, JJIsi HAIlPaBJICHHOTO BO3JEHCTBUSI Ha OpraHbl U TKaHW,
a TaK>Ke JIJI1 TOYEYHOM JOCTaBKU JIEKAPCTBEHHBIX IIPENapaToB.

Buocencop — aHanmutrdeckuit mpuOOp, B KOTOPOM JJIsl ONPEICTICHUS XU-
MUYECKUX COCIMHEHUN MCIOJBb3YIOTCS PEaKIMU 3TUX COCAMHEHUM, KaTalIu3u-
pyembie (hepMEHTaMH, UMMYHOXUMUYECKHE PEAKIINN WA PEaKIIUU, TIPOXO/Is-
I[Me B OpraHeilyiax, KJIeTKax WU TKaHsaxX [6]. B OuoceHcopax OMOIOTHYECKUIM
KOMIIOHEHT COYETAeTCs ¢ (PUBMKO-XUMHUUECKHUM MPeoOpa3oBaTesIeM.

B cocraB GuoceHcopa BXOJIST:

® OMOCEJIEKTUBHBIN 2JIEMEHT (OMOJIOTHYECKUI MaTepuas, HampuMep TKa-

HH, MUKPOOPTaHU3MBbI, OPTaHCIUIbI, KJIICTOYHBIC PCUCIITOPHI, q)epMeHTBI, dHTH-
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https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D1%82%D0%B8%D1%82%D0%B5%D0%BB%D0%B0

TeJa, HyKJIEWHOBBIE KUCJIOTHI U T. JI.), MaTeprual OMOJIOTHIECKOTO TPOUCXOXK-
neHust (OMOMHUMUK). UyBCTBUTENBHBIN 2JIEMEHT MOXKET OBITh CO37aH C TIOMO-
11610 OMOUH)KCHEPUH;

e MnpeoOpa3oBaTeib (ONTUYECKUH, MbE30AIEKTPUUECKUN, IIIEKTPOXUMU-
YECKUM U JIp.), KOTOpPBIA paboTaer Ha (PU3UKO-XMMHUECKUX NpuHuunax. OH
npeoOpasyeT CUrHaj, MOSBISIOMNNCS B pe3yabTaTe B3aWMOJICHCTBHS aHAIUTA
¢ OMOCENIEKTUBHBIM 2JIEMEHTOM, B IPYTOil CUTHAJI, KOTOPBIN MPOILE U3MEPUTH;

e CBs3aHHAs JJICKTPOHHMKA, KOTOpas OTBEYAeT B MEPBYIO OUepenb 3a OTO-
OpaxeHue pe3yJIbTaTOB B YI0OHOM J1JIsI OJIb30BATEIIS BUJIE.

buoceHcopsl coCTOAT U3 ABYX KOMIIOHEHTOB: CHUCTEMBI PaclO3HaBaHUS
OMOXUMUYECKOU MPUPOJIBI (perentopa) u GU3NKO-XUMHUYECKOro Mpeodpa3oBa-
Tens (TpaHcaprocepa).

Ha nepBom stamne aeiicTBus GuoceHcopa MPOUCXOIUT «y3HABaHUE» OMO-
AJIEMEHTOM CHeNU(UIECKOr0 JJIi HEro BelIecTBa M3 MHOTOKOMITOHEHTHOM
CMECH.

Ha BTOpOi#1 cTaanu mpoucxoauT npeodpaszoBanue WHPpopMaum o mpoTe-
KaHUM OMOXUMUYECKON peakinu B GOpMy IEKTPOXUMHYECKOTO CUTHAIA.

Ha nocnenneit craquu 3JeKTPUYECKUN CUTHAII OT TPaHCAbIOCEpa Mpeoo-
pasyercs B IPUTOAHYIO J1si 00padoTku dhopmy.

broceHcopsl MOTYT OBITh UCIIOJIB30BAHBI:

— I U3MEPEHHS TUIIEBON EHHOCTH, CBEXKECTH U 0€30MacHOCTH TPO-
TYKTOB TTUTAHUS;

— DKCTpEcC-aHaIn3a KPOBU HETMIOCPEICTBEHHO Y KPOBAaTH OOJILHOTO;

— 00HApYKEHUS M U3MEPEHUS CTEIICHH 3arpsA3HEHUS OKPYIKAIOIIEH CpeIbl;

— oOHapyxeHus (T. €. ACTEKIUH) U ONIPEACIICHHUS KOJITNIECTBA B3PHIBUATHIX
BEIIECTB, TOKCMHOB W BO3MOKHOTO OMOJIOTHYECKOTO OPYIKHSI.

BuoronusBHblii 3semenT (BTD) — ycTpolicTBO, KOTOPOE HEMOCPEICTBEH-

HO MpeoOpa3yeT HEPrUI0 XUMUUYECKUX CBA3EH CyOCTpara B AJIEKTPUUYECTBO IMy-
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TeM OMOKATaJIUTUYECKOTO OKHUCIICHUSI OPTaHMYECKUX WA HEOPTaHMYECKUX Be-
iecTB [4].

OnHuM U3 BaKHEUIIMX JOCTOMHCTB OMOTOTUIMBHBIX AJIEMEHTOB SIBJISIETCS
TO, YTO OHU MPEJICTABIAIOT COO0I IKOJIOTUUECKH YHUCThIE UCTOYHUKHU DIIEKTPH-
YECKOU YHEPIHUH.

OcnoBoit BT sBasiercs Ouokartanuzatop (puc. 10), B KayecTBe KOTOPOTO
MOTYT BBICTYIAaTh JUOO (PEpMEHTHI, JTUOO MEJIble KIECTKM MHUKPOOPTaHU3MOB.
OaHuMHM U3 TEPCHEKTUBHBIX  OHMOKATaIM3aTOpPOB  SIBISIIOTCSA — OaKTepuu
Gluconobacter oxydans subsp. Industrius. biarogapss MemMmOpaHHOM JIOKaIM3a-
M OCHOBHBIX (PEPMEHTOB KJIETOYHOI'O MeTadoju3Ma — JCTHAPOreHas, Ocy-
HIECTBIISIONIMX HEMOJHOE OKUCIEHHE YIJIEPOIHbIX CyOCTpaToB, 0OecreurnBaeT-

Csl JIETKHUI TOCTYI MEJuaTopa U cyOCcTpaTa K akTUBHBIM LIEHTpaM (PEpMEHTOB.

AHOJ ' KATOJ \ 1\
X )
€ / il
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MeMOpaHa | |

Puc. 10. Buonoruueckuii TOIUIUBHBIN JIEMEHT

OnHol M3 aKkTyallbHBIX 3374, HAIIPABJICHHBIX HA YBEJIMYEHUE JOJITOBpE-
MEHHOH paboThl U IHEpreTuYecknx xapakrepuctuk bTI, apusercs nMmoOuIn-
3aIus OMoKaTalM3aTopa Ha IMOBEPXHOCTH aHoja. Pa3sHooOpas3me cyOcTpartos,
KOTOPBIE MOTYT ObITh OKHCJICHbI MUKPOOPTaHU3MaMHU, TTO3BOJISIET UCTIOIB30BaTh
B KaQ4€CTBE TOIUIMBA JOCTATOYHO MIUPOKUNA CIIEKTpP BEUIECTB, & UMMOOMIN3ALINS

OnomaTepuasna Ha MOBEPXHOCTH aHOJIA SIBJIETCS HEOOXOUMBIM yCIOBUEM TTPU
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pa3paboTKe OMOAHOJOB MHOTOKPATHOTO NMPUMEHEHHS, YTO MO3BOJMT CO37aTh
Ha X OCHOBE OMOTOIJIMBHBIC AJIEMEHTHI HEPEPHIBHOTO (ITPOTOYHOTO) THIIA.

[IpumeHeHne 6MOCUCTEM B KOHCTPYKILUSIX TOIUIMBHBIX 2JIEMEHTOB YBEJIH-
YUBaeT UX KOA(PPUIMEHT MOJE3HOro IelcTBUSA. B Takoil cucteme MUKpoopra-
HU3MBbI HA OCHOBE psiia cyOcTpaToB (yIJIEBOJbI, METaH, CIIUPTHI) HEMPEPHIBHO
TEHEPUPYIOT BOAOPOJ, KOTOPBIA AANEE€ OKUCISAETCS B AJIEMEHTE «BOJOPOI —
KHUCIIOPOI» C 00pa30BaHUEM DIIEKTPOIHEPTUH.

Buounn — »1eKTpOHHOE YCTPOMCTBO, cojaepxaiiee OMOJOTUYECKHE MO-
nexynbl. buounn npenacrapiger coO0i MIACTUHKY-HOCUTENb, HA KOTOPOW HaHe-
CeHbl OMOMOJIEKYJIbI JIJI1 OJHOBPEMEHHOTO IPOBEACHUS OOJIBLIOTO YUCa aHa-
JM30B B OAHOM 00pasiie. [ TaBHBIM 3JIeMEHTOM JF000ro OMoYMIa CIy>KUT Mat-
pHULIA U3 COTEH U THICAY MUKPOSYEEK, KaXK1asi U3 KOTOPBIX CONEPKUT TaK Ha3bl-
Bae€Mble MOJIEKYJISIPHBIE 30H/BI — MOJIEKYJbl, CHOCOOHBIE CreNU(UYHO CBS3bI-
BaTbCsl TOJBKO CO CTPOTO OMPEACIICHHBIMUA OMOJIOTUYECKUMH MOJIEKYJIaMHU.

30HIaMU MOTYT CIIY)KWATh OJIMTOHYKJIEOTH[IbI, ydacTKu reHomHou JIHK,
PHK, anTutena, onurocaxapujpl, pa3jn4yHbICe HU3KOMOJICKYJIAPHBIE COEIHUHE-
HUS U Ap.

Kaxxnas siueiika OrouuIia ciy>kKUT CBOEro pojia OTAEIbHON «HAHOMIPOOU -
KOI», rIe UMMOOMJIM30BAaHHbBIN 30H] PACIO3HAET B aHAJIU3UpPyeMOM oOpasiie
TOJIKO CBOKO MUIIEHb. Takum 00pa3oMm, yAaeTcsi MPOBOJUTH MapaieIbHOE
pacro3HaBaHUE Cpa3y MHOKECTBA MUILIEHEN, HAIIpUMEP F€HOB, OTBETCTBEHHBIX
3a JIEKapCTBEHHYIO YCTOMYMBOCThL BO30ynutTens 6one3nn. B Guounmne (puc. 11)
SYEHKN ¢ UMMOOMIM30BAaHHBIMU 30HJAMH PACIOJIAraloTCsl YOS A0YEHHBIMU
psAIaMu, IpUYeM Kaxzaas siueiika COAep>KUT YHUKAIbHBIN 30H [7].

B 3aBucuMoctu OT THMa Owoduma auaMeTp sideek BapbupyeT oT 50 10
300 MKM, a UX YHUCJIO 3aBUCHUT OT CJIO)KHOCTH AHAIM3UPYEMON MUIIEHU(EH)
U 337]a4 SKCIEPUMEHTA U COCTABJISET OT HECKOJBKHUX JAECATKOB O HECKOJBKUX
ThICsTY. Mosekyibl ucciaeayemMoro oopasia mnomeqyaror (GpayopecieHTHON MeT-

KOﬁ, IIO3TOMY IIpHU O6J'IY‘ICHI/II/I CBCTOM OHpGI[CJ'IGHHOﬁ JJIMHBI BOJIHBI quﬁKH,
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I7ie MPOM3O0ILIO CBSI3BIBAHME 30HJOB C MOJIEKYJIAMU-MULIEHSIMH, OyIyT CBe-
TUTHCS (1B KpaliHuMe sueiiku). B ocHOBe mpuHIMIa paboThl BCEX TUIIOB OHO-
qumnoB ¢ uMMooOmn3oBanHou JIHK nexuT TouHOE COOTBETCTBHE MEXKIY KOM-
meMmentapasiMu JIHK no mpasuity Yorcona — Kpuka: A-T, G-C. Ecinu coot-
BETCTBHE MEXAY HYKJICOTHIaMU MMMOOWIN30BaHHON U rudbpunuzyemon JJHK
TOYHO YJOBJIETBOPSIET YCJIOBUSAM KOMIUIEMEHTAPHOCTH, TO OOpa3yroIuecs
IOYTJIEKChI OyAyT TEpMOJIMHAMUYECKU HanboJliee yCTOWUuBbL. B pe3ynbrare npu
KOHEYHBbIX TemIepaTypax ux Oyaer OoJiblle, YeM HECOBEPILEHHBIX TYIJIEKCOB
C HApPYLIEHUEM YCJIOBUN KOMIUJIEMEHTAPHOCTH, U, COOTBETCTBEHHO, COBEPLICH-
HbIM JyIUieKcaMm OyZeT OTBeuarh Oo0jiee CHIIbHBIA CUTHAN (PIHOOPECLICHIINH.
B BBISIBIIEHUU U COTIOCTABIEHUU HAUOOJIEE SIPKO CBETSIIMUXCS SYEEK U 3aKIr0va-

eTcsi paboTa mpubdopa — aHanM3aTopa OMOYUIIOB.

Monnoxxa Grovnna
© MaTPULEA TAPOreneabIX
MHKPORYEEK

et b

POTONHOMUHECUEHUMA

DNYOPECLUEHTHO-MENEHHBIE
s MONEeKybl 06pasua

Kamepa Groyuna

i)
O6pasey wo w°

Mukposueiika ¢ 30H40M

Puc. 11. Cxema pacro3HOBaHHUS MOJICKYJ B OMOYHIIE

buonornyeckue MHUKPOYHUIIBI HIUPOKO HUCIIOJB3YIOTCA IJIAA UCCICA0BATCIIb-
CKHX ueneﬁ, d TaKKEC JIA MOJICKYJIIPHO-TCHCTUYCCKUX HCCHCHOB&HHﬁ, AUarHo-
CTHUKH PA3JIMIHBIX 3a00JIeBaHUI YCJIOBCKA, SKCIIPECCC-AUArHOCTUKH BbBICOKOIIA-
TOI'CHHBIX BHPYCOB, a4 TAKXC B BCTCPHUHAPHU, CCIILCKOM XOBHIZCTBG, KpHUMHUHAa-

JUCTUKE, TOKCUKOJIOTHH, OXPaHE OKPYKAIOIIEH CPEebl.
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buonuka (0uomumMeTHka) — co3gaHue yCTPOMCTB, MPUOOPOB, MEXAHU3-
MOB WJIA T€XHOJIOTUHU, UAEA U OCHOBHBIE DJIEMEHTHI KOTOPBIX 3aUMCTBYIOTCS U3
YKUBOU TIPUPO/IBL.

Oco0eHHOCThIO OMOMUMETHUKHU [S] SBJISIETCS KOMMUPOBAHUE yAUBUTEIIBHBIX
(GYHKIUA KUBBIX OPraHU3MOB U MPUMEHEHHUE MX MPU CO3JaHUM TEXHOJIOTUU
u Benlei. Paznuuaror creayronme HarmpaBieH!us: OMOMUMETHKHY:

1) Ouonornueckyro OMOMHUMETHUKY, M3YYaIOIIyl0 IPOIECChI, MPOUCXO/Is-
e B OMOJOTUYECKUX CHUCTEMaX;

2) TeOpeTUYEeCKy0 OMOMUMETHKY, KOTOpas CTPOUT MaTEMaTUYECKHE MO-
JIEJN ITUX TPOLIECCOB;

3) TeXHUYECKYI0 OMOMUMETUKY, MPUMEHSIONTYI0 MOJACIH TEOPETUUECKOMN
OMOMHMMETHUKH JIJIS1 PEIICHUS] MH)KCHEPHBIX 3a71a4.

Hcnonb3oBaHne OMONIOTHMUECKHUX MaKpPOMOJEKYJ B ATOW 001acTu o0y-
CJIOBJIEHO UX YINOPSAOUYEHHON OMOJIOTMYECKON CTPYKTYypoil. J[BoliHasi cniupaib
JIHK unu cnivpanbHO yJI0KeHHbIE O€JIKM BUPYCHOI'O KarCcuJa MOTYT OBITh HC-
MOJIb30BAaHbl KaK CTPOUTENBHBIC JIECA, 33JAIOLIME OINPENCICHHOE NPOCTPaH-
CTBEHHOE PACIIOJIOKEHUE, HAIPUMEP, HAHOPA3MEPHBIX YaCTUL METAIUIOB. [py-
UM MOJXOAO0M MPUMEHEHUs ynopsanodyeHHou cTpykTypsl JJHK sBisercs ee uc-
NoJIb30BaHue Kak Marepuaia ais HanocucreM (JIHK-koHcTpynpoBanue).

[Ipu pa3paboTke HOBEWILMX MAaTEPUATIOB «KOMUPYIOT» JIyUIIHE XapaKTe-
PUCTUKH KUBBIX OPraHU3MOB:

— KJIEMKasl JIEHTA MOBTOPHOI'O MCITOJb30BAHUS, B OCHOBY HJIEM KOTOPOU
Jeryia COCOOHOCTD SIIEPUIIbI TEKKOHA JIePKAThCA U CBOOOJHO MEpeABUTaThCS
110 BEPTUKAIbHBIM U HAKJIOHHBIM IMOBEPXHOCTSIM;

— IUICHKA C TMOHWKEHHBIMHM OTPAXKAOUIMMH CBOWCTBAMU, MPAKTUYECKHU
HE pearupyrounias Ha CBET, ObljIa CO3/JaHa HA OCHOBE CTPOEHUS I1a3a MOJIH;

— Kpacka AJis Kopabiel, pa3paboTaHHass Ha OCHOBE OCOOEHHOCTH YEUIyH
TYHIIA, ITO3BOJIAIOLIEN COXPAaHATh HU3KUE ITOKA3aTENN CONPOTUBIIEHUS BOJbI HA

BBICOKHUX CKOPOCTAX,
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— TIOKPBITHE CIIOPTUBHOTO IIABATENILHOTO KOCTIOMA, (DrO3eNshka caMoseTa
Airbus A340 (nemenkas aBuakommanus Lufthansa), ctpoenue koTopbIx OBTO-
pseT KoKy akyibl. KpyroBas CTpykTypa BEpXHETO CJIOSl aKyJIbel KOXH, KOTO-
PYIO Ha3bIBAIOT «JIMOPETTO», CHIKAET 00pa3oBaHue TypOYJIEHTHOCTH U OCia0-
JSIET COMPOTUBIIIEMOCTH MOTOKY.

OpHako B MOCJEAHUE TOJIBI PACTET BHUMAHUE K €I1Ie OJJHOU 0COOEHHOCTH
KHUBBIX CYIIECTB — K CIIOCOOHOCTH 3KOHOMHTH DHEPTIHIO NMPHU OCYIIECTBICHUH
KU3HEHHBIX MPOIECCOB (M MOKA 3TUMU TEXHOJOTHUSMH BJIAJICIOT TOJBKO OHH).
Hanpumep, pakoBHHa MOPCKOTO yIIIKa HACTOJIBKO MPOYHA, YTO € HE MPUIUHUT
HUKAKOTO Bpela Jaxe IepeexaBiias yepe3 Hee MalllhHa, MOCKOJIbKY ATO MpH-
poJiHas KepaMuKa, coueTarouiasi B ce0e MpoYHOCTh K BO3JACUCTBUSIM U 3JIaCTUY-
HOCTb. CEKpeT KpOeTcs B MHOTOYMCIEHHBIX HAHOCIOSAX CTPYKTYpPbI U3 KapOo-
HaTa KaiblMsl U OejKa, Yepeaylolluxcsi MexIy coOoil. UTto ynupiser ene
OoJbIIE, TAK 3TO CIIOCOOHOCTh MOPCKOTO YIIIKA C JIEFKOCThIO BbIPaOATHIBATH
3TOT BBICOKOIIPOYHBIM MaTepHall, KOTOPBIA MO MPOYHOCTH HAMHOTO MPEBOCXO-
JUT TMPOAYKTHI MPOMBIIIEHHOCTH MPYU HOPMATBHBIX MTOKA3aHUSAX TEMIIEPaTypPhl

N J1aBJICHUS.

1.3. OCHOBHbBIE HAIIPABJIEHUA PA3BBUTUA HAHOMEJUIIUHDI

Pa3BuTtne Omonoruu m MEAUITMHBI XapaKTEPHU30BAJIOCh MOCTEIICHHBIM IIe-
PEXOJIOM OT BU3YAJIbHBIX METOJIOB MCCJIEAOBAHUSI K MOJICKYJISIPHBIM U aTOM-
HbIM. BHenpeHnrne mMeToq0B HAaHOOMOTEXHOJOTHM B MPAKTUUECKYI0 MEIUIIUHY
MPUBEJIO K 000COOJICHUIO B HEW TAKOTO HAMPABJICHUS KaK «HAHOMEIUIIMHAY).
HanomenuimHa BKJIFOUAET AMArHOCTUKY W JICUeHHE 3a00JI€BaHUN YesioBeKa Ha
MOJICKYJISIPHOM YPOBHE.

1. MOHUTOPHUHT ¥ JUATHOCTHKA.

A. Memoowt u cpeocmea mMacco6020 MOHUMOPUH2A HACENEHUA.

[IpoGiema qUarHOCTUKU BUPYCHBIX MH(MEKIIUM COXpaHsET aKTyallbHOCTbD,

HECMOTpSI Ha OTPOMHOE pa3HOoOpa3ue yxe pa3padOoTaHHBIX METOOB.
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OcHoBHBIE 3a/1auu, TpeOyIOIIMe 0€30TIaraTeJIbHOrO peuleHus: B 00JacTu
UH(DEKIMOHHBIX 3a00JI€BaHUN:

® YCKOPEHHE MPOLEIYpPhl TUarHOCTUKH;

® [OBBIIIEHUE TOYHOCTU OMNPEIEICHUs BO30YIUTENS BUPYCHOTO 3a00Jie-
BaHUs1, 0COOEHHO MPU UCCIIEN0BAHUN 00pa3lia ¢ MHOTUMU BUJAMU BUPYCOB;

e onpeeeHre BO30yIUTENs IPU €ro KpailHe HU3KOM COJIEp’KaHUU B 00-
pasue;

® IIPOBEJICHHUE HE TOJHKO KaUeCTBEHHOTO, HO M KOJMYECTBEHHOI'O aHAJIH-
3a oOpasra.

B pemienun 3Tux 3a1a4 10CTATOYHO MEPCHEKTUBHBIM MIPEACTABISETCS UC-
M0JIb30BAHUE ATOMHO-CHUJIOBOW MHUKPOCKOTHMH. DTOT METOJ MO3BOJISIET 3a He-
00JbIIIOE BpeMsl MOTYYUTh H300pakeHHe MOBEPXHOCTH 00pasiia ¢ pa3pelieHu-
€M B HECKOJIbKO HAHOMETPOB.

ATOMHO-CUJIOBOM MUKPOCKOII JJAE€T BO3MOXKHOCTh M30UpaTENIbHO OIpejie-
JSITh UMMYHOTJIOOYJTMHBI (aHTUTENA OEIKOBOM MpUPOIbl) O0€3 TOTOJTHUTEIbHbBIX
cTaguii 00paboOTKU. DTO 00YCIOBICHO pa3audusiMu (GOPMBI U pa3MEpPOB MoJie-
KyJ UMMYHOTJIO0YJIMHOB. [10100HBIM 00pa3oM MOKHO ONpENEsaTh TaKxke Oel-
K1 000JI0YKH BUPYCA, KOTOPHIE BHICTYMAIOT B POJIM aHTUTECHOB.

b. Hanosu3syanuzayusa (nanomemku, npuoopel 01 euzyanusayuu).

B MemuuuHCKUX M OMOJIOIrMYECKHX HCCIENOBAHUAX, KaK MPHUKIAJHBIX,
Tak U QyHIAMEHTAIBHBIX, CYIIECTBYET HEOOXOAMMOCTh BH3yalN3allud KaKUX-
1100 COOBITUI BHYTPHU KJIETKH Ha MOJICKYJISipHOM ypoBHe. Hampumep, B oba-
cti (hapMaKOKMHETHUKH JICKAPCTBEHHBIX IMPENapaTroB Ba)XHO OTCICAWTH MyTH
pacnpoCTpaHeHUs JeKapcTBa B OpraHu3Me mociie ero BBereHus. s sToro
MOKHO «IIOCAJIUTh» Ha MOJIEKYJbI (apMIpenaparoB Kakue-10 MaJleHbKHE MET-
KU, KOTOPBbIE ObI TOCTOSTHHO CUTHAJIU3UPOBAIA O MECTE X HAXOXKJICHUS U MPO-
UCXOJSIIEM C HUMH U TIPU 3TOM ObLIM Obl COBEPLIEHHO O€3BpEIHBIMU JIs1 OMO-

JIOTHYECKOro 0OBEKTA.
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B kayecTBe METOK IPEIIOKEHO UCIIOIB30BaTh MOHOKPHUCTAJUIBI HA OCHO-
BE Pa3IMYHBIX PEIKO3EMEIbHBIX AJIEMEHTOB, Hampumep oprodocdaros u mo-
mudocdaToB, KOTOphIe 00J1aJIal0T CIIOCOOHOCTHIO JIIOMUHECIIUPOBATh B OTBET
Ha BHEIIHEE 00JIyYeHHUE.

B. Monexynapuasa ouaznocmuxa.

MonekynsipHO-TeHeTHYeCKasl TUarHOCTUKAa — METOJI 00CJIeI0BaHUs opra-
HU3MA, MO3BOJISIONIMN TOYHO U OBICTPO BBISIBUTH BUPYCHI M MH(MEKIIMH, MyTaIlluu
I'€HOB, BBI3BIBAIOIINX MATOJIOTHIO, OLICHUTh PUCKU HACJIEICTBEHHBIX U UHBIX 3a-
OosneBaHuil. BaxHEeWIIUM JTOCTOMHCTBOM MOJIEKYJIIPHO-T€HETUUYECKOM JAHarHo-
CTUKH SIBJISIETCSI MUHUMAJIbHAsI CTEIEHb MEIULMHCKOIO BMENIATEIbCTBA, I10-
CKOJIBKY MCCIIEOBAHUE MPOBOIAT invitro. MeTon yCnenHo NMPUMEHSIOT IaxKe
JUTsl AMArHOCTUKY 3a00JIeBaHUM Y SMOPHUOHOB, a TAK)Ke Y OCIA0JICHHBIX U TSAXKE-
71000IbHBIX MareHToB. CaMblil pacpOCTpaHEHHBIN MaTepuan JJisg UCCIIEeI0Ba-
HUS — KpPOBb M3 BEHbI, 0AHaKo BO3MOkHO Bbiaenenue JJHK/PHK u3 npyrux
KUJIKOCTEH M TKAHEH: CIIOHBI, COCKOOA CIM3UCTOM pTa, BBIACICHUHN W3 MOJO-
BBIX OPraHOB, OKOJIOIUIOTHOM KMIKOCTH, BOJIOC, HOTTEN U T. 1. MonekyisapHas
JIMATHOCTUKA — 3HAYMTEIIbHBIM IIar K MEPCOHAIU3UPOBAHHOW MEUIIMHE, OHA
MO3BOJISIET YYUTHIBATh BCE OCOOEHHOCTH KOHKPETHOTO MAallMeHTa PU 00Cie10-
BAHUU U TEPAIUH, HAIPUMED:

— BBISIBJIEHUE CYLIECTBYIOIIMX Matrojoruid. OHa Mo3BOJSIET OOHAPYKUTH
3a00JIeBaHKE, KOTOPOE HE MOXKET OBITh ONMPEEIICEHO OOBIYHBIMU METOJAAMHU J1a-
K€ Ha paHHEW CTaJuH, KOTJ]a BHEIIHUX MPOSIBJICHUMN HET;

— UCCIENOBAHNE AJUIEPTHUECKUX peakuuid. MoliekynspHas IHarHOCTHKA
YCIELHO MPUMEHSETCS JUIsl ONPENEIEHNS AJUIEPTUU: B OTINYUE OT TPAIULIMOH-
HBIX METOJIOB OHa OoJiee TOYHA U MPH 3TOM Oe30macHa ISl MalMeHTa, TaK Kak
OTCYTCTBYET HEITOCPEACTBEHHBIN KOHTAKT C aJUIEPT€HOM;

— UHIUBHIyaJIbHAs OILICHKA PUCKOB Pa3BUTHS HACJIEACTBEHHBIX 3a00JeBa-
HUW. MonekymsipHas THAarHOCTHKA IMOMOTAaEeT BBISIBUTh y B3pPOCIBIX U JETEU

OITIACHOCTDH B 6y,Z[y1_LI€M IMOABCPTHYTHCA PA3JIMYHBIM I1ATOJIOTUAM. HY)KHO OTMC-
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TUTh, YTO €CTh OOJIE€3HH, KOTOPHIC BBI3BAHBI UCKJIIOUHUTEIHHO MyTallel reHa
(MOHOTEHHBIE), U T€, KOTOPbIE O0YCIOBJIEHBI B TOM YKCJI€ T€HETUYECKUMHU OCO-
oeHHoCcTsAMH (MyJIbTHU(DAKTOpHBIC). MHDOpMamus 0 mepBhIX MO3BOJISET, K MPH-
Mepy, OLIEHUTh PUCKH MEepEJayl HACIIEICTBEHHBIX 3a00JI€BaHUN OT pOIUTENEH
K peOCHKYy. 3HaHUE O MPEAPACIIOIOKEHHOCTH K MYJIbTU(AKTOPHON MATOJIOTUU
HEO0OXO0IUMO eII1e U IS MPODIIAKTUKN 00JIe3HEH ¢ TTIOMOIIBI0 U3MEHEHUS 00-
pasa )KH3HH.

MonekynsipHasi IMarHOCTUKA MPUMEHSETCS:

— B MEepUHATaIbHONW MeAullMHe. J[MarHocTUKa MO3BOJISIET YCTAaHOBUTH T'e-
HETUYECKUE MPUUYMHBI OCCILIONMS, HEBBbIHAIIMBAHUS OCPEMEHHOCTHU, JaTh WH-
(dopMaLi0 O COCTOSIHUU 3/70POBbSi M T€HETUYECKUX IPEPacHOI0KEHHOCTSIX
OyAylIero 4yeioBeka eilé B COCTOSTHUM AYMOpHOHA, HapUMeEp MO3BOJIIET pacio-
3HaTh CUHAPOMBI JlayHa, DnBapjca, [latay, Tepuepa, Knaitndensrepa;

— ¢apmakoreHeTuke. JlMarHoctuka OOBSICHSET, MOYEMY Ha HEKOTOPBIX
JNEUCTBYIOT OJIHU MpernapaThl, a HA APYTUX — UHBIC: BCE JICJIO B TEHETUUYECKUX
O0COOEHHOCTSIX MalreHToB. Bo3moxkHOCTh ompeneneHus: 3¢(HEKTUBHOCTU Be-
IIECTB UMEET 0co00e 3HAYCHUE TMPU JICUCHUU TSKENBIX 3a00Je€BaHUM, HATIPU-
MEp OHKOJIOTMYECKHUX;

— CIIOPTUBHOW MeauuuHe. Hanpumep, poauTenn MajbIie MOTYT Y3HATh
O TOM, KakoW BHJ 3aHSATUN MPUHECET peOEeHKY HAHOOJBbIIYIO MOJb3Y AJIS 3/10-
POBbs WJIM TIO3BOJIUT IOCTUYb CIIOPTUBHBIX PE3YJIbTATOB.

I'. Hanoanoockonus.

KancynbpHast sHI0CKONUS — TpOLEypa UCCAEA0BaHUS MAIUEHTa ¢ TTIOMO-
b0 YHAOCKOMMYECKON BUACOKAIICYJIbI, T. €. BCTPOCHHOU B KarcCyJly BUACOKa-
Mepbl, COBMEILIEHHOM C MEpEeIaTYNKOM BUAEOCHrHana. B mpouecce npoxoxae-
HUS KETyJIOYHO-KHUIIEYHOTO TPAKTa KarcyJjia JelaeT B TEUEHHE HECKOIbKHUX
YacOB HECKOJIBKO JIECSITKOB THICSAY CHUMKOB, KOTOpPbIE MEPEAAIOTCsl HA aHTEH-
HbI, Pa3MEIIEHHBIE HA TEJE MAalHMEHTa, U 3allMChIBAIOTCS B MaMITh MPUEMHOTO

ycTporictBa. [Iutanue MOXKET OCyIIEeCTBIATHCS MO0 OT BCTPOEHHOU Oarapeii-
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K, 1100 OECpOBOJHBIM CHOCOOOM OT BHEIIHETO MCTOYHUKA. C MOMOIIBIO
KarcyJIbHOM 3HAOCKOIUM MOSIBUJIACH BO3MOYKHOCTh MOJIYUEHUS W300pakeHUM
paHee HEJIOCTYMHBIX JJISI IHJOCKOTIMU YYACTKOB TOHKOM KHIIIKH.

[IpeumyiiecTBa meroaa nepea TpaauuOHHON YHAOCKOIIUEN:

— BO3MO>XHOCTh OCMOTPETh TOHKYIO KHIIIKY Ha BCEM MPOTSIKEHUU;

— OTCYTCTBUE 00U U JUCKOMDOPTA;

— OTCYTCTBUE BPEIHOTO BO3/ICHCTBUS HA OPTaHU3M YEJIOBEKA;

— KarcyJia sIBJISIETCS OJHOPA30BOM, UTO MCKJIIOYAET BO3MOXKHOCTh MH(DU-
UPOBAHUS TALIMEHTA.

Henocratku merona:

— HEBO3MOXHO B3ATHE Marepuaja JJii TMCTOJOTMYECKUX HCCIEAOBAHUM
(bmoricuu), 9TO YacTo SBIISICTCS HEOOXOJMMBIM W IITUPOKO MPUMEHSIETCS TpHU
TPAAUIMOHHON SHIOCKOIINY;

— BO3MOXKHA 3aJIep>KKa BUJICOKAIICYJIbl B JKEIYJOYHO-KUIIIEUHOM TPaKTe
nanyeHTa (4To MpOUCXOIUT, IO pa3HbIM olleHKaM, B 0,5-21 % ciyuyaeB oT 00-
IIEr0 KOJIMYECTBA BHUJCOKAIICYJbHBIX Tpoleayp). B atoil curyaruu kamcysa
M3BJICKAETCS M3 IalMeHTa WM C IMOMOIIBIO YHJIOCKONA, WJIM C IIOMOIIBIO I10-
JIOCTHOM XUpyprudeckou omnepauuu. Hambosiee nauTenbHOE BpeMs 3aJEPKKU
BUJICOKATICYJIbI, OITMCAHHOE B JIUTEpaType, — 4 roja 5 mecsieB 1 21 1eHb.

2. ®apmakoJ0rusi.

A. Co30anue npuHyUNUAILHO HOBBIX J1€KAPCME.

Nness mpumeHeHUs] HAHOYACTHUI JJIsi TOBBIIEHUS 3(P(HEKTUBHOCTH BO3-
nercTBus (papMakoJIOTHYECKUX CPEJCTB JIMATHOCTUKUA U TEpAllMM OCHOBAHA Ha
ToM (pakTe, 4yTO BellecTBa B HaHOPOpPME HMEIOT CBOMCTBA, OTJIMYHBIE OT
CBOMCTB BEIIECTB B MakpoAucIepcHON gopme. B yacTHOCTH, BBICOKas yJI€Ib-
Hasl IOBEPXHOCTh HAHOMATEPHUATIOB IIPHUBOJAUT K TOMY, YTO MOBEPXHOCTHBIE SIB-
neHus (aacopOums/aecopOIus, aare3us) HAYMHAIOT UTPaTh MPeoOIagaronIyo
poJib B Ipolieccax MX B3aWMOJICUCTBUSI C MAKPOMOJIEKYJIaMU U OMOJIOTUYECKU-

MH 00BbEKTaMH. CJ'IGI[CTBI/ICM 9TOI'O ABJIACTCA TO, YTO AAXKEC HCBBICOKHMEC KOHIICH-
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TpallM¥ HAaHOYACTHI, HE OKA3bIBAIOIINE 3HAYUTEILHOIO TOKCUYECKOTO 3 dek-
Ta, MOTYT MNPOU3BOJHUTH 3HAUUTEIBHOE BO3JCHCTBUE HA >KUBBIE OPTaHU3MBI.
JlexapcTBEHHBIE BEIIECTBA B BUJE HAHOYACTHUI] UMEIOT HE 10 KOHIIA U3yUYCHHbIE
CBOICTBA, BIUAIOIINE HA UX (DAPMAKOKMHETUKY, T. €. Ha BCAaChIBaHUE, paclpe-
JIeJIeHUE B TKaHSIX, OMoTpaHc(hOpMaIUIO U BbIBEACHUE U3 opranu3zMa. Cucrema-
TUYECKOE HU3Y4YEHUE 3aKOHOMEPHOCTEH JEWCTBUS JIEKAPCTBEHHBIX BEIECTB
B HAaHO(OPME MO3BOJIUT ONPEIEIUTh KaK UX TEPANEBTUUECKUI MOTEHIIMAN, TaK
Y BO3MOYKHBIE PUCKH ISl 3J0POBbs YEIOBEKA.

b. Hanocmpykmypupoeanue mpaouyuoHHbIX 1eKapCcme.

Knunanueckyto 3gdheKTUBHOCTh (hapMaKkoTepanuu pacupoCTpaHEHHBIX 3a-
0osieBaHUl YeJI0BEKa MOKHO MOBBICUTH 33 CUET CO3/IaHUs MPUHLIUIUAIBLHO HO-
BbIX JIeKapcTBEHHbIX QopM (JID), Xopol1o U3BECTHBIX U BCECTOPOHHE M3YUEH-
HBbIX U anpoOMpPOBaHHBIX JeKapcTB. OJHO U3 Pa3BUTHIX COBPEMEHHBIX HaIpaB-
JIEHUN — 3TO CO3JaHUE JIEKapCTB HAa OCHOBE HaHOYacTHll. JlekapcTBa HOBOTO
IIOKOJIEHUSI IIPUHATO HA3bIBATh TEpAIEBTUUYECKUMM cuctemamu. OT Tpaauuu-
OHHBIX JI® OHM OTIMYAKOTCS MPOJIOHTMPOBAHHBIM JICUCTBUEM, KOHTPOJIMUPYE-
MBIM BBICBOOOXK/IEHHEM JIEHCTBYIOLIMX BEHIECTB M MX LIEJIEBBIM TPAHCIIOPTOM
K OpraHam M TKaHsM-muuieHsM. [Ipu jurenbHol HUPKYISUUA HAHOHOCUTENEH
B KPOBSIHOM pYyCJIie COJIeprKallleecs] B HUX JIEKAPCTBEHHOE BEIIECTBO 3allIUIACT-
Cs OT MHAKTHBALWU, a €ro JAeicTBUEe nposioHrupyercs. [lomumo BHyTpuKIe-
TOYHOI'O0 W LIEJECHAIIPABIECHHOIO TPAHCIIOPTA, BaKHBIM NPEUMYLIECTBOM HAHO-
HOCHUTEJIEH ABJISIETCS CHOCOOHOCThH TPAHCIIOPTUPOBATH UX COACPKUMOE BHYTPb
KJIETOK B HEAKTUBHOM COCTOSIHUU C MOCJEAYIOIIMM pa3pylIeHHEM B JIN30COMAX
Y BBIJICJICHUEM JIEUCTBYIOIINX BEILIECTB.

[IprMeHeHne HaHOTEXHOJOTHI B (hapMaKOJOTUU OKa3ajloCh BEChMa ILIO-
JOTBOPHBIM M TPUBEJIO K CO3/aHUIO MPENnaparoB, 00JaJarONIMX HOBBIMU CBOM-
CTBaMU Ha OCHOBE JIaBHO M XOPOILIO W3BECTHBIX JIEKAPCTBEHHBIX BellecTB. B 3a-
BHUCHUMOCTH OT arperaTHoro COCTOSIHUSI 1 MOP(OJIOrMUECKUX OCOOEHHOCTEW Ha-
HOYACTULBI JENATCS Ha HAHOKAIICYJbl, HAHOKPUCTAJUIbI, HAaHOC(EpPbl U TOJU-

MCPHBIC MHUIICJLJIBI.
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3. Tepanus.

A. Ilepconuguyupoeannoe neuenue.

[lepconndpuunpoBanHas MEAUIMHA — 3TO MEAUIMHCKOE COMPOBOXKICHUE
KU3HM KaXKJIO0r0 4eJOBEeKa ¢ MPUMEHEHUEM MEPCOHU(PUIIMPOBAHHBIX METOJOB
paHHEro MPOTHO3UPOBAHMS U MPOGUIAKTUKY 3a00JI€BaHHUs, €r0 JTUArHOCTUKU
C BBISIBJICHMEM MATOJOIMYECKUX COCTOSIHUI HA CaMbIX PaHHUX CTaJUsX, a MpHU
HEOOXOAMMOCTH — C MPUMEHEHUEM NEePCOHU(ULIMPOBAHHBIX (papMaKoTepanes-
TUYECKUX U BBICOKOTEXHOJOTHUYHBIX MAaJIOMHBA3UBHBIX METOJIOB JICUCHHUS.

b. Adpecnaa oocmaeka nexkapcme (unkancynauus, yHKUUoOHAIbHbIE
Hocumenu).

AnpecHasi TOCTaBKa HAaHOYACTHUILl OCYILIECTBIISIETCS ABYMsI crioco0aMu, Io-
JYYUBLUIMMU Ha3BaHUsS NMACCUBHOTO M aKTHBHOTrO HarlenuBaHus. IlaccuBHoe Ha-
LEJIMBaHUE OCHOBAHO Ha CaMOIPOU3BOJIbHOM HAKOIUIEHUM HAHOYACTHIL B 0Yarax
BOCTMIAJICHUS U TKaHSIX OMyXoJied. DTO BO3MOXKHO OJlarojapsi sIBICHUIO «IIOBBI-
HIEHHOW MPOHUIIAEMOCTH cOocya0B». CTEHKa KPOBEHOCHBIX KalMWUIIPOB B OIY-
XOJIIX M3MEHEHA TaK, YTO MEXKIy €€ KIJIETKaMu BO3HHUKAIOT MOpbl. Yepe3 HUX
CBOOOJHO MPOXOAAT HAHOYACTHUIIbI, HAIIPABJISASICh 3aTE€M K KJIeTKaM oImyXxosu. M3-
3a HeIOpa3BUTHUS JIUM(PATUUECKUX COCYJ0B U HEJOCTATOYHOTO OTTOKA MEXKKJIe-
TOYHOM )KMAKOCTH HAHOYACTHI[bl HAKATUIMBAIOTCS B OIYXO0JIEBOM TKAHMU.

AKTHBHOE HallelnBaHue (yIpaBisieMblil TPAHCIIOPT) OCYIIECTBIISETCS My-
TEM HAHECEHUS HAa MOBEPXHOCTh HAHOYACTHUL COOTBETCTBYIOILIETO JINTAH/Ia, BbI-
MOJIHSIFOIIETO (DYHKIIUIO «MOJIEKYJIIPHOTO aapecay». TakuM «aIpecom» MOTyT
ObITh aHTHUTENIA UM UX (PparMEeHThI, NENTUIbI, YIiieBoIbl. JIekapcTBEeHHOE Be-
IIECTBO MOKET ObITh MOMEIIEHO BHYTPbh HAHOYACTHUIIBI WJIM MPUCOETUHEHO K €€
NOBEPXHOCTHU MTOCPEICTBOM XUMHUYECKUX CBSI3€U WU aJCOPOLIUH.

Cpeau Oo0sBLIOTO pa3HOOOpa3usi HAHOYACTHIL JIUIIbL HEKOTOPbIE MOTYT
OBITh MCIIOJIB30BaHbI B MeAuIMHe. KakuMu e CBOMCTBAMM JTOJKHBI 00JIadaTh

HaHOYaCTUIbI — HOCHUTCIIN JICKAPCTBCHHBIX npenapaTOB?
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Cpenu Takux CBOMCTB CJIE€AYET 0CO00 BBIJCIUTD:

® OTCYTCTBHE TOKCHUYHOCTH;

® CIIOCOOHOCTH K MEPEHOCY JOCTATOYHOTO KOJIMYECTBA JIEKAPCTBEHHOTO
npenapara;

® 0CBOOOXKJICHHE JIEKAPCTBA B KJIETKE-MHIIIEHH B ONITUMAJIBHOU J103€;

® HE3aMETHOCTH JUIsl KJIETOK UMMYHHOM CHCTEMBI.

OTUMU CBOMCTBaMH 00JI€€ BCETO OTINYAIOTCS JIUTIOCOMbI, TOJTUMEPHBIE MU-
IEJUIBI, ICHAPUMEPBI, HEOPTaHNYECKUe HAHOYACTHUIIBI U YTIIEPOIHBIC MaTepHaIIbl.

C nenpio mepeHoca JeKapcTB MOTYT OBITh MCIIOJIb30BAaHbI TAKXKE HEOpra-
HUYecKkue HaHoudacTuilbl. [Ipu 5TOM BBICBOOOXKIACHHE JEKAPCTBEHHOI'O BelIe-
CTBa MOKET KOHTPOJIUPOBATHCSA TEPMUUECKUM BO3ICHCTBUEM WJIU U3MEHEHUEM
MarHuTHOTO MOJsA. B KadecTBe BO3MOXHBIX TNEPECHOCUYMKOB JIEKAPCTBEHHBIX
IpernapaToB pacCMaTPUBAIOTCS TakXKe yTIepoIHbIe HaHOMAaTepHualbl: Qyepe-
HBbI 1 HAHOTPYOKH.

Bo3mokHOCTH MCTIONB30BaHUs (YUIEPEHOB B MEAMITMHCKHUX IIEJSIX CBSI-
3aHBI, IPEK]IC BCETO, C TAKUMHU CBOWCTBAMHU MX MOJIEKYJI, KaK:

e HeOoubiMe pasmepnl (nuameTp chepudeckoid Mosekyiasl C60 paBeH
0,714 am);

® CIIOCOOHOCTH MPOXOIUTH YePe3 JIMMHIHBIC MEeMOPaHbI KICTOK;

® TPEXMEPHOCTh M HAIMYHE TTOJIOCTA BHYTPH MOJICKYJIHI;

® BBLICOKAs PEAKIMOHHAsI CITOCOOHOCTB;

® HH3Kas TOKCUIHOCTb.

BryTpu momekyn ¢QyanepeHOB JOCTATOYHO MeECTa JjIsl TOrO, YTOOBI TaM
MOTJI Pa3MECTHThCS OJHMH-/IBA WUIM Jlaxke OoJiee aTOMOB JPYTHX 3JIEMEHTOB,
B TOM 4mclie 1 MeTauioB. [lomydarommecss TakuMm 00pa3oM COSAMHEHUST HaA3bI-
BaIOT SHI0(DYIICpECHAMH.

JIJIss TOCTaBKM BEIIECTB B KIIETKY y4Y€HBIC MPUOETarOT K CaMbIM Pa3HBbIM
crioco0aM, B TOM YHUCIIE Y3KOCTIEU(PUIHBIM, KOTOpbIE MPEAHA3HAUEHBI JIsl CTPO-

T'O0 OIIPCACIICHHBIX COeI[I/IHeHI/Iﬁ H TUIIOB KJICTOK, YTO YCJIOKHSACT 3a1a4y YUCHbIM.
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Uccnenosarenu ["apBapackoro yausepcuteta (CIIA) moa pykoBoACTBOM
npodeccopa X. Ilapka B 2006 . npeaIoXmIK cO3AaTh YHUBEPCATbHBIM METO/
JUTIsl TOCTaBKH BEILECTB BO BCE THUIIBI KJIETOK. OHM OOHAPYXWIIM, YTO KIIETKH,
BBIpAIICHHbIE HA TOJJIOKKE, YCESIHHOW BEPTUKAIBHO PACIOJIOKEHHBIMU HAHO-
TpyOKaMH, HE MOJIy4alOT HUKAKUX MOBPEXKICHUM U BEIyT ceOs B II€JIOM HOP-
MajbHO. B TeueHne HeCKOJIbKUX YacOB KJIETKH, MEIJIEHHO OIYCKasiCh MO COO0-
CTBEHHOM TSDKECTBIO, MPOTHIKAIOTCS HAHOTPYOKamMu 0€3 BCSIKHUX ISl ceOsl 1mo-
cnencrBuil. [locne Takon «ornepauum» KJIETKH aKTUBHO PAacCTyT, Pa3BHUBAKOTCS
U JICTISITCSL.

CrnenoBaTebHO, YUEHBIC JIETKO M MPOCTO MOJYyYAOT NPsIMON (hU3HUECKUi
JOCTYI K BHYTPEHHEMY MPOCTPAHCTBY MPOTKHYTOM HAHOTPYOKaMU KJIETKH. DTO
3HAYUT, YTO B TAKHE KJICTKH MOXXHO JIOCTABJIATH HYXKHBIE MOJIEKYJbI 0€3 orpa-
HUYEHUH, CBOMCTBEHHBIX APYTHUM METOAM, IIUPOKO MPAKTUKYEMBIM CETOJIHS.

DTO NPOUCXOAUT CICAYIOIIUM 00pa3oM: JIJIsl Hayajia BBOJUMAs B KIIETKY
MoOJIeKyJ1a (MM MOJIEKYJIbI) CPABHUTEIIBHO CJ1a00 CBSI3BIBACTCS C MOBEPXHOCTHIO
HaHOTPYyOKH. [locne Toro Kak KieTka cakaeTcsl Ha TMOJIOKKY M3 TaKUX HAHO-
TpyOOK U MPOTHIKAETCS MU, MOJICKYJIBI OKa3bIBAIOTCSA BHYTPH KIJIETKH.

Ecnu u3MeHsITh JUIMHY HAHOTPYOOK, TO MOKHO JOCTaBJISITH BEIIECTBO
CTpPOr0O B HYXHYI0 4acTh (opranouna) kietku. Komnektus X. [lapka yxke npo-
JEMOHCTPUPOBAJI YHUBEPCAIBLHOCTh 3TOr0 METOJ1a, BHeApUB MoJieKyiasl PHK,
JIHK u OenkoB B KJIeTKH pa3HbIX THHOB. CaM Mo cebe MaccMB HAHOTPYOOK
HE CIUIITKOM CJIOKEH B W3TOTOBJICHWH. bonee Toro, k HaHOTPyOKaM MOKHO
MPUKPEIUISITh pa3HbIe MOJIEKYJIbI, BHEJPSIS B KJIETKY Cpa3y OOJIBIIIOE KOJIHYe-
CTBO BEIIIECTB.

B. Konmponupyemoe 6viceoborcoenue nekapcme u3 Hocumeineil.

CoznmaroTcsi eKapcTBEHHbIE (DOPMBI, CIIOCOOHBIE KOHTPOJIHUPOBATH CKO-
POCTh BBICBOOOXICHUSI JICKAPCTBEHHBIX CPEICTB, 00€CTeUYnBaTh MOCTOSHHOE
BCAChIBAHME JICKAPCTBEHHBIX BEILIECTB U MOJACPKUBATH CTAOUIBHYIO KOHIICH-

Tpalruilo B IIJIa3MC KPOBU B TCUHCHHUC AJIHUTCIILHOI'O ICpHoaa BpEMCHHU, ITPOJIOH-
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TUpOBaTh TEPANEBTUUECKUN A(P(PEKT M Ipenynpexaarb pa3BUTUE KOHLIEHTPA-
IIMOHHO 3aBUCUMBIX HEXKEJIaTeIbHBIX 3(PGHEKTOB.

JIJisi KOHTPOJIMPYEMOTO BBICBOOOKICHUS JICKAPCTBEHHOIO TMpernapara Bo3-
MOKHO MPUMEHEHHUE TEPMO- WK PH-4yBCTBUTEIBHBIX JTUIIOCOM, UMEIOIIUX J10-
BOJIBHO IIPOYHYI0 MEMOpaHy NpH HOPMalbHBIX ((PU3UOJIOTMUECKUX) YCIOBUSX.
Opnako npu noHW>XeHun pH cpenbl WM NOBBILIEHUH TEMIEPATYPhl, KOTOPHIE
CBOMCTBEHHBI OIPEACIICHHBIM MaTOJOTHYECKUM MPOIECCaM WIIA CO3/IA0TCS HC-
KYCCTBEHHO, ITPOHUIIAEMOCTh MEMOPAH YBEIUYUBACTCS.

4. BocctaHoBHTeJIbHAS MeIMIIMHA.

A. Tkanesas unscenepus.

BaxHol 3amayell TKAaHEBOW WHIKEHEPUM SIBIISAETCS KOHCTPYUPOBAHUE
TPEXMEPHBIX MAaTPUKCOB, CIIOCOOCTBYIOUIMX 0OOpa3oBaHUIO TKaHell. Marpukc
JOJKEH BBICTYIIaTh B KA4ECTBE KapKaca, a TakKe CTUMYyJa JJI Pa3MHOXKEHUS
CTBOJIOBBIX KJIETOK M ITOCJIEIYIOIIEr0 X IPEBPALICHUS B CIIELIUAIIN3UPOBAHHBIE
KJIETKA HOBOM TKaHU. TkaHb MOXKET OBbITh BBIpAIlleHa Ha MAaTPUKCAX, KOTOPHIE
10CJIe UMIUIAHTAlMM B OPTaHU3M XO3sIMHA [0 MEpe pOCTa HOBOW TKaHM MOJIHO-
CTbIO pacTBopsitorca. [Ipu 3TOM Ha mecTe nedexra OCTaeTcsi TOJBKO HOBas
TKaHb. BO3MOXXHO TakXe UMIUIAHTUPOBATh «OMOKOMIIO3UT», COCTOSALIUN U3
MaTpHUKCa U yKe 4aCTUYHO C(HOPMUPOBAHHOM HOBOW TKAHH.

CBolicTBa «HI€AJILHOI0» MaTPUKCA:

1. MaTpuKc JOJKEH UMETh CTPYKTYPY, KOMUPYIOUIYIO0 CTPYKTYPY TKaHU
OpraHu3Ma-X03siIMHa U 00ECIeYMBAIONIYI0 POCT TKaHU B MPOCTPAHCTBE.

2. MaTpukc noDKeH o0jamaTh CEThbIO OOJBIIMX MOpP, 0OCCICUYHMBAIOIINX
JIOCTAaBKYy MUTATEIbHBIX BEUIECTB KO BCeM KieTkaM. JKenarenbHo, 4TOOBI MaT-
PHUKCBI CTUMYJIMPOBAIIN 00pa30BaHUE KPOBEHOCHBIX COCYI0B BHYTPH IOP.

3. MaTpukchl JTOJKHBI UMETh OMPEACIICHHYIO CTPYKTYPY MOBEPXHOCTH:
TEKCTypa MOp HAHOMETPUUYECKOTO MacIlITada UiIu MIEPOXOBATOCTh MOBEPXHOCTHU

BJIIMAIOT Ha (bYHKI_II/IOHaJIBHYIO AKTUBHOCTD IIPUKPCINIAIOINXCS K HEH KJIETOK.
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4. Heo0x0a1MoO€ CBOMCTBO HJI€AIbHBIX MAaTPUKCOB — CIIOCOOHOCTh K OHO-
paszpymenuto. [IpoaykTel pacmnana maTepuaia MaTpPUKCa TOJKHBI OBICTPO BBI-
BOJIUTBHCS U3 OPraHu3Ma.

5. OnrumanbHbIe KapKachl AKTUBUPYIOT KIIETKU TKAHU K CAMOBOCCTaHOBJIE-
HUIO (B MaTepuajg MaTPUKCAa MOXXHO BKJIIOYATh OMOJOTWYECKU AKTUBHBIE COEIU-
HEHMSI, TO3BOJISAIOIINE YBETUUMUBATH POCT KJIETOK, U JIEKApCTBEHHBIE TIPETIaparhl).

6. MexaHn4eckne CBOMCTBa MAaTPUKCa JOJKHBI COOTBETCTBOBATh MEXAHU -
YECKUM CBOMCTBAM TKaHU OpraHU3Ma-X03s1Ha.

Matpukchl moJIiy4aroT U3 OMOJIOTHYECKUX TKAHEH, yAaysisi U3 HUX KJIETKU
U COXpaHssl TPEXMEPHYIO CTPYKTYPY MEKKJIETOYHOrO BEIIeCTBA. MaTpUKCHI
MOYKHO W3TOTaBJIMBaTh U3 HEOPraHWYECKUX U OPraHUYECKUX MATEPHUAJIOB, UC-
II0JIb3Y$l, HAIlpUMEp, KEPAMHUKY, THAPOKCUAIIATUTHI, TOJIUMEPHI, KOPAJUIbI, KOJI-
JIareH, KEJIATUH U JIp.

IIpu ucCronb30BaHUM HEPA3pPyILIAEMBIX MATPUKCOB HEPEIKO BO3HUKAIOT
OCJIO’KHEHHUSI, CBA3aHHBIE C JITTUTEJIbHBIM MPUCYTCTBUEM YUY KEPOIHOTO MaTEPHU-
ana B opranusme. [1oaToMy ydeHbie COCpEeIOTOUMIN CBOM YCHIIHS Ha pa3padoT-
K€ MaTPUKCOB M3 OMOpa3pyIIAIOMUXCs TOJIUMepoB. OTHUMHU U3 TIEPBBIX CTAIH
UCIOJIb30BaThC OMOpa3pylIaAloNIMecss MATPUKChI, CO3aBa€Mble HA OCHOBE I10-
JMMEPOB MOJIOYHOW U TIIMKOJIEBOW KUCIOT. M3 HUX yXKe co3haH psAll TKaHEUH-
KEHEPHBIX KOHCTPYKLHUHN KOXKH, KOCTH, XPSIIIa, CYyXOKUIUN, MBI U JAp.

Knerounbeie MaTpukCchel U3 HAHOBOJIOKOH YK€ MCHOJIB3YIOTCS JJISl PEreHe-
panuu XpsAueBo, KOCTHOM U HEPBHOM TKAHEHW, KOKH, CTEHOK KPOBSIHBIX COCY-
noB. Jlns obecriedenus Jiydiie OMOIOTMYECKOM COBMECTUMOCTU IMPHU UX CO-
3JJaHUU 3a4acCTyI0 MPUMEHSIOT MPUPOHBIE TOJUMEPHI: KOJUIareH, OeIoK Iie-
Ka, IEJUTIONI03Y, a TaKXKe UX cMecH. UTOObI yIydllluTh MEXaHUYECKHE CBOMCTBA
BOJIOKOH, MaTPHUKCHI ()OPMHUPYIOT OJTHOBPEMEHHO W3 OMOJOTMYECKUX M CHUHTE-
THUYECKUX MOJUMEPOB. B KJIETOUHBIE MATPUKCHI MOTYT BKJIKOUATh TAKXKE HEOP-
raHW4YeCKUEe KOMIIOHEHTHI. [Ipu mepecagke KOCTHOM TKaHU JJIsl 3TOTO UCIIOJb-

3YIOT KapOoHaT 1 pocdat KaibIusl.
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b. Beéeoenue umnnanmos (Kocmuvle umniaanmesl, 6uooezpaoupyoujue
mamepuaivl, (YMHbLE) MAMEPUATIL).

NMIanTel — 3TO CHENHAIbHO CO37aBaeMble KOHCTPYKIIMH, KOTOpPbIE
BXKUBJIAIOTCS B OPraHU3M YEJIOBEKa B POJIU 3aMEHUTENEH OTCYTCTBYIOIIHNX WM
MOBPEKJECHHBIX OpraHoB. OHU U3TrOTABIMBAIOTCS U3 OMOMATEPUATIOB — OCOOBIX
MaTepHUaNIOB, «y>KMBAIOIIMUXCS» C KJIETKAMH U TKaHSMU OpTaHU3Ma.

K 6nomarepuanam npeabsBIsIIOTCS CIEAYIOIUE TPEOOBAHMS:

— BBICOKAsi COBMECTUMOCTD C KUBBIM OPTraHU3MOM;

— BBICOKME MEXAHMYECKUE XapaKTepUCTUKHU, YAcTO CIEUHAIbHbIC s
KQKJIOTO Cllydasi: KE€CTKOCTb, PACTSHKUMOCTb WJIM HEPACTSKUMOCTD, JIaCTHUY-
HOCTb, 00111asi IPOYHOCTh, U3HOCOCTOMKOCTD U JIp.

Cpenu COBpEMEHHBIX METaNIMYECKUX OMOMaTepHalioB JUAMPYIOIIEE MO-
JI0’)KEHUE 3aHMMAET TUTAH U CO3/1aBa€MbI€ Ha €r0 OCHOBE CILIABBI. JTOT METAILI
UCIIOJIB3YETCS JJIsI M3TOTOBJICHUS MPOTE30B Ta300€/IPEHHBIX, KOJECHHbIX, 4e-
JIOCTHBIX CYCTaBOB, IUIACTHH M CHUIL JIJIi KOCTHOT'O CpPAalllMBAHMS, BUHTOB JUJIS
¢dbuKcaru No3BOHOYHHKA.

J171s1 MOBBIIIEHUSI MEXAHUYECKUX CBOMCTB UMIUIAHTOB TUTAHOBBIE CILIABBI
CTaJIM 3aMEHSATh YUCTHIM HAHOCTPYKTYPUPOBAHHBIM TUTAHOM. B HaHOCTPYKTY-
pPUPOBAHHOM cocTOsiHMM (pa3mep 3epHa MeHee 100 HM) MexaHUYEeCKHe Xapak-
TEPUCTUKHU TUTaHa (YNPYTroCTh, MPOYHOCTh U TBEPAOCTb) JOCTUTAIOT CBOMCTB
JIETUPOBAHHBIX TUTAHOBBIX CILJIABOB. MexaHuyeckass MPOYHOCTh WMILIAHTOB,
U3TOTOBJIEHHBIX U3 HAHOCTPYKTYPUPOBAHHOI'O TUTAHA, yBEJIMYMBAETCA B 2—3 pa-
3a [0 CPABHEHHUIO C UCXOAHBIM YUCTHIM TUTAHOM.

Takum 00pa3zom, U3 HAHOCTPYKTYPUPOBAHHOTO THUTaHa MOKHO U3TOTaB-
JauBaTh 00Jee TOHKHUE M, COOTBETCTBEHHO, MEHEE TPAaBMATHUYHbIC MMILIAHTHI,
COXpaHsolne TpedyemMble MEXaHMUYECKHE CBOWMCTRA.

HaHocTpyKTypHUpOBaHHBIN TUTAH, K COXKAIEHUIO, 3HAYUTEIBHO OTJIMYACT-
Csl IO CBOMM CBOMCTBaM OT JIOOBIX TKaHEHl OpraHu3Ma, BKIIIOYas U KOCTHYIO

TKaHb. I[J'IH MOBBIIICHUS OMOCOBMECTUMOCTH THTAHOBBLIX HMMIIJIAHTOB OBILIa
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MpeUIoKeHa crieluaibHas 00padboTka (MoauduUKalys) MOBEPXHOCTH UMILIAH-
TaToB. BHauame MOBEpPXHOCTH MMILIAHTA MPHUAAIOT MOPUCTOCTh W IIEPOXOBA-
TOCTh. 3aT€M Ha HEE€ HAHOCAT MOKPBITHE, IPUOJIMIKEHHOE TI0 CBOMCTBAM K KOCT-
HOU TKaHU Y€JIOBEKA.

OCHOBY TaKkoTO MOKPBITUSI COCTABJISIOT KOJUIATEH KUBOTHOTO MTPOUCXOXK-
JICHUSI U CUHTETUYECKUN HAHOCTPYKTYPUPOBAHHBIM rujpokcuanatut. Kpome
ATUX KOMIIOHEHTOB B KOMITO3UIIMOHHBIN IMpermapar MOTYT ObITh BBEJACHBI OMO-
JIOTUYECKH aKTHUBHBIE BEIIECTBA, KOTOPHIC MO3BOJISIOT YBEIUUHUBATh POCT KIle-
TOK ¥ BBI3BIBAIOT aare3nto. OHU oOecrneunBaroT HOpMalIbHOE (YHKIIMOHUPOBA-
HUE KOCTHOM TKaHU U €€ OBICTPOE 3aKUBJICHHUE B CIIy4ae TPABMBI.

B. Beeoenua unaanmupyemoix ycmpoicme (umnianmupyemovle CeHCo-
Pbl, umniaanmupyemie npudoopwl).

NmrnanTanusi yCTpOMCTB HOCTABKU JIEKAPCTBEHHBIX MPEMApaToOB SBIIACT-
Csl OYEHb MEPCIEKTUBHBIM HAMPABICHUEM MEIUIIMHBI, TaK KaK OHA B CJIOKHBIX
YCJIOBHUSIX YacTO IMO3BOJSIET HE TOJIBKO TapaHTUPOBATh BBEJICHHUE TPEOYEMBIX
JIEKApCTB B KOHKPETHBINA OpraH WIM MECTO, HO U 00ECIEUNUTh 3aJaHHbIN PEKUM
¥ KOJIMYECTBO BBIEIsAEMOro mpenapara. Hanbosnee mpocThiM BapuaHTOM SIBJISI-
€TCsl UMIUIAHTAIMS B HY)KHOM MECTE TMOJMMEPHON MaTpPHIIbl, COIEpKaIIei He-
00XO0IMMBbIE€ BEIECTBA, KOTOPHIE MOCTENIEHHO C HEKOTOPOUM CKOPOCTHIO BhIJE-
JISIIOTCSL B OKPYXKAIOIIME TKaHU opraHu3ma. B kaduecTBe y>ke U3BECTHBIX MpUMe-
POB MOKHO TPUBECTH MMIUIAHTUPYEMbIC mpenapaThl Thuna Norplant (mpoTuBo-
3agatouHoe cpeactBo pupmbel Wyeth Laboratories), Gliadel (xemoTepaneBTu-
geckoe cpeactBo pupmbl Guilford Pharmaceuticals, ncrnonszyemoe mpu pako-
BBIX TIOpaXKEHUSAX Mo3ra) u Viadur (ropmoHanbHBIN mpenapaT ¢bupmsl Bayer,
MPUMEHSIEMBI TIPY JICYCHUU paKa MPOCTATHI).

5. HaHopoOOoTHI /11 THATHOCTUKHU B TEPANIUU U XUPYPIrUM.

Knunanueckre poOOTHI NpeIHA3HAYEHBI JJIsl PEIISHUS] TPEX TJIaBHBIX 3a]1a4:

ANarHoOCTUKH 3a6OJ'IeBaHI/If/'I, TCPAIICBTUYCCKOI'O U XUPYPIUICCKOI'O JICUCHU .
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PoGotu3upoBanHas XUpyprus — OJHO U3 CaMbIX MEPCIIEKTUBHBIX HAIpPaB-
JIEHU B COBpEeMEHHOU MeauuuHe. Mcnonb30BaHue podoTa BO BpeMsi olepanuu
MO3BOJISIET CYLIECTBEHHO CHU3MTH IMOTPEIIHOCTH YeJI0BEYECKOro (hakTopa, ra-
paHTUpPYET TOYHOCTH JBM)KEHUU. Byayiiee 3a MeIMIMHCKMMHU HaHOPOOOTamuy,
KOTOpBIE OyIyT JIEYUTH JIFOJIEH HAa YPOBHE KJIIETOK BHYTPU OpraHU3MA.

[IpuknaaHbie JOCTUKEHUS HAHOOMOTEXHOJIOTUI Hanbosiee BOCTPEOOBAHBI
B MEIULMHE, UMEIOLIE OCHOBHOWM LEIBI0 YBEIUYEHUE IPOIOKUTEIBHOCTU
Y TIOBBILIEHNE Ka4eCTBA KU3HU. JlJIsI 3TOro € MOMOIIBI0 HAHOTEXHOJIOTHN yYe-
HbI€ YCOBEPILIEHCTBYIOT METO/Ibl JMATHOCTUKHU 3a00JIEBaHMI, a METO/Ibl HAHO-
MEJMLHBI MO3BOJIAIOT UCIIOIB30BaTh PA3JIMYHbIC HAHOYACTHULIBI ISl AIPECHOU

nocTaBKu JekapcTB U pparmenToB JIHK B Hyxkaarommecs: KIETKU.

KOHTpOJIbeIe BOITPOChbI

1. Omnpenenenne HaHOOUOTEXHOJIOTHHU. COOTHOLIEHUE MTPUPOIHBIX HAHO-
OOBEKTOB U HAHOCTPYKTYP C UCKYCCTBEHHBIMHU.
2. HampaBnenus pa3BuTHs OHOJIOTHH.
OTnnyus )KMBOTO 0OBEKTA OT HEKHUBOTO.
CHUCTEeMHO-CTPYKTYpPHbIE YPOBHHU OPTaHU3ALUU KUBOTO.

EnuncTBO 1 MHOTOOOpa3Ke OpraHuyecKoro MUpa.

3
4
5
6. Kunaccudukanus >xuBbIX OpraHU3MOB.
7. CBoiicTBa )KMBOTO OOBEKTA.

8. CocTaB )XHMBOTO. Y HUKAJIbHBIE CBOMCTBA YIJIEpO/Ia.

9. BrnusHue HAaHOPA3MEPHBIX YACTUIl HA OMOJIOTHYECKUE OOBEKTHI.

10. KoHTpoJb 32 COCTOSTHUEM MTOBEPXHOCTEN U MAHUMYJIALIMKU C HUMH.

11. Knaccuduxanus 6MOTEXHOIOTUH.

12. HampapneHue npuMeHEeHHs] HAHOOMOTEXHOJIOTMU: KOHTPOJIb 32 COCTO-

STHUEM OKPYIKAIOLIEU CPEbI.

13. HampapneHnue npuMeHeHs HAHOOMOTEXHOJIOTUU: MaTepUaIoOBECHUE.
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14. HampaBneHue npuMeHEeHHs HAHOOMOTEXHOJIOTUU: CENbCKOE XO3HUCTRO.

15. HanpasneHnue npumMeHeHUs] HAHOOMOTEXHOJIOTUU: THUIIEBasi IPOMBIIII-
JIEHHOCTb.

16. HanpaBneHue npuMeHeHUss HAHOOMOTEXHOJIOTUU: YHEPreTHUKA.

17. HanpaBneHue npuMeHeHUss HAHOOUOTEXHOIOTUHU: OMOAIEKTPOHUKA.

18. I'eHHas MHXKEHEPUS: ONPEIEIICHUE, HCTOPHS PA3BUTHAL.

19. TeopeTnyecknue OCHOBBI I'€HHOW HMH)KEHEPUU. METOOMKH KIOHUPO-
BaHMUS.

20. TIpumeHeHHe FeHHOM MH)KEHEpUU: «00paTHasi FTeHETUKay, TEHOTEpaITusl.

21. IIlpumeHeHne NeHHOM WHYKEHEPUU: MPOU3BOJICTBO MPOLYKTOB IHTA-
HUs, TEHETUYECKOE NMPOrPAMMHUPOBAHUE )KUBOTHBIX U PACTEHUN, IPOU3BOJICTBO
JIEKAPCTB.

22. IIpoOneMbl U pUCKU T€HHOW UHKEHEPUHU.
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2. MPUMEHEHUE METOJA CKAHUPYIOIIIEX
30HJ0BOY MUKPOCKOIIMH B HAHOBUOTEXHOJIOTUH

2.1. OBIIUE NPUHIIUIBI PABOTHI

CKAHUPYIOIIEI'O 30HA0OBOT'O MUKPOCKOIIA

B ocHoBe paOoThl CKAaHMPYIOIIErO 30HOBOTO MHUKPOCKOIIA JICKHUT B3aUMO-
JeiCTBHE aTOMOB MIOBEPXHOCTH MaTepuaia ¢ MHIEHTOPOM 30HAa (puc. 12).

B 3aBucuMocTH OT XapakTepa 3TOro B3auMO-
JIEVCTBHUS, & TAKIKE IIPUPOBI CHJIBI B3AUMOJICHCTBUS

B MUKPOCKOIIE PEATU3yEeTCs IMHUPOKUIN CHEKTP pas-

JIMYHBIX METOIMK. Ha ceromHsAmHui 1eHp uxX pea- t F
au3oBaHo 6oee 40. R
ARSI PIPII
OCHOBHBIMM METOJIaMH CKaHUPYIOIIEW 30H-
Puc. 12. BzaumoeiicTBie
noBoi Mukpockornuu (C3M) siBIsitoTCs: ATOMOB 30H/12 1 00pasua

— aTOMHO-cUJI0Bast MUKpockonusi (ACM);

— CKaHupyolas TyHHenbHast Mukpockomnus (CTM);

— cKkaHupytomas GyHkuuoHanbHas Mukpockonusi (COM);

— aneKTpocuioBas Mukpockonus (9CM);

— MarHUTHO-cuiIoBasg Mukpockonusi (MCM).

Pa3bepemM OCHOBHBIE Y3IIbl, U3 KOTOPBIX COCTOUT aTOMHO-CHJIOBOM MUK-
pPOCKOI. YCJIOBHO KOHCTPYKLIMOHHBIE 3JIEMEHTBI AaTOMHO-CHJIOBOTO MHKPOCKO-
1a MO>KHO Pa3/ieNIuTh HAa TPU YACTU: MEXAHUYECKYIO, ONITUYECKYIO U JIEKTPOH-

HYIO CUCTEMY OOpaTHOM CBSA3U U KOPPEKTUPOBKU CUTHAA.

Mexanuueckue s1emenmsbl aMmOMHO-CUNOBO20 MUKPOCKONA
OCHOBHBIM CEHCOPHBIM 3JIEMEHTOM aTOMHO-CHUJIOBOT'O MUKPOCKOIIA SIBJISIET-
Csl KaHTUJIEBEP (JIeBEp, KOHCOJIb, 30HJOBBIN 1aTuuK). Best undopmaiust o0 uccie-
JyeMOM TTOBEPXHOCTH MOJIYYaeTCss UMEHHO OJjlarojiapsi OTKJIOHEHUSIM KaHTUJIEBE-
pa, KOTOpbIE PETUCTPUPYIOTCS ONTHUECKON CUCTEMON aTOMHO-CHJIOBOIO MHKPO-

ckona. Ilo cyTu KOHCOJIb — ATO TIpyX)UHA ¢ Mol kecTkocThio (k). B 3aBucumo-
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CTH OT MaTepuaja, n3 KOTOPOro KaHTHIEBEP M3rOTaBIUBACTCS, KECTKOCTh MOXKET
ObITh BhIIIE (KpeMHUEBbIE KanTuieBepsl S10,, k Bapsupyercs ot 0,1 1o 400 H/m)
WId HWKe (HUTpUA-KpeMHUeBble KaHTmieBephl SizN4, k Bapbupyercs ot 0,01
10 0,73 H/m).

O61mas cxema aTOMHO-CHIIOBOTO MHKPOCKOIIA TIpe/ICTaBiIeHa Ha puc. 13.

Puc. 13. O6mas cxema ycTpoHCTBa aTOMHO-CHJIOBOTO MUKPOCKOTA

dopmMa KaHTUJIEBEPOB Takxke ObiBaeT pasHol. OHU ObIBatOT V-00pa3zHOU
(Tpuanrynspusie) win [-o6pasnoit hopmel (puc. 14). s 6uonorndeckux uc-
ClIeIOBaHUIN BBIOMPAIOT HUTPUA-KpEeMHHEBbIe KaHTuieBepbl. Dopma kaHTHUIIE-
Bepa BBIOMpAETCS B 3aBUCHUMOCTH OT IOCTaBJIEHHBIX 3aJlay, HO MpU IPOUYUX
PaBHBIX YCJOBHUSIX B CIIy4ae MCCIIEIOBAHMS KJIETOK MPEANOYTEHUE OTIAETCSA
V-00pa3HbIM KaHTUJIEBEpPaM, MOCKOJBbKY CTEMEHb HAJIEKHOCTU Y HHUX BBIIIE.
XOTsl Hy’KHO OTMETHUTb, YTO IPU PABHOU JJIMHE Yy TPUAHTYJIIPHBIX KAHTUJIEBE-

POB UX KCCTKOCTb, a CJICA0BATCIIbHO, U PC30HAHCHAA 4aCTOTAa BHIIIC.

l-o6pasHblit KaHTUNeBED

5 /

e "'HE::“I--"' o

V-o6pasHbiit (TpvaHrynApHSIi)

T aIsHEA S0 Keipiience Mupamuaanchsii 3o0Ha

Puc. 14. Buapl kKaHTUIIEBEPOB
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Ha xoHne xanTunesepa 3akperuisieTcs 30H1, KOTOPbIM UMEET, KaK IIpaBu-
710, TUpaMUAAIbHYI0 (opMy (XOTs ceilyac BBITYCKAKOTCS 30HIbI OKPYIJIOW
(opMBbl, 30H/bI C BBIPAILIEHHON Ha KOHLIE OCTPOM UIJIOW, (PYHIIMOHAIU3UPOBAH-
HbIE 30H/bI U T. [1.). [Ipu ckaHupoBaHUU 00BEKTA 30H] CKOJB3UT MO MOBEPXHO-
cTH o0Opasia. XapakTep CUJIOBOTO B3aUMOJICHCTBUS MEX/ITY 30HJIOM U 00pa3IioM
JOCTAaTOYHO CII0KEH, MOCKOJIBbKY OIpeNeNsieTcs CBOWCTBaAaMHU 30HAA, 00pasua
U cpefibl, B KOTOPOU MPOBOJUTCS CKaHUpOBaHUE. B ciiydyae nccinegoBanust Ouo-
JOTUYECKUX 0OBEKTOB Ha BO3/lyX€ OCHOBHOM BKJaJl B CHJIIOBOE B3aUMOJEICTBUE
30HJa U o0paslia JaloT: CUJIbl OTTAJKUBAHUs, BHI3BAHHBIE MEXaHMUECKUM KOH-
TaKTOM KpaHMX aTOMOB 30HAa U oOpasia, cuisl Ban-nep-Baanbca, a Takxke
KanWUIspHbIEe (ITPUCACHIBAIOIINE) CUJIbI, CBSI3aHHbBIEC C HAJIMYMUEM IJIEHKU BOJIbI
U OpPraHUYecKoro ajcopbaTta Ha moBepxHocTu odpasna. Kpome Toro, u co cro-
POHBI 30H]1a MIPU BO3JICUCTBUM Ha JOCTATOYHO MSTKUN 00pasel U CO CTOPOHBI
oOpasiia Ha 30H]1 IEUCTBYET cuiia ynpyroit negopmanuu. [Ipu nBmxeHnu 30012
HaJ TOBEPXHOCTHIO UX B3aUMOJEHUCTBHE OOECIEUMBACTCS B TOM YHCIIE CHIION
TpeHusi. OqHaKo OOJNBIIMHCTBO MCCIIEIOBAHUN OMOIOTUUECKUX U MEAUITMHCKHUX
[IPENapaToB NPOBOAUTCS B JKUIKOCTH, T/I€ HUBENUPYIOTCSA KAMWUISIPHBIE CUJIBI,
HO NPUCOEIUHSIOTCS CHIIBI BA3KOTO CONPOTUBIICHUS CPENbl, KOTOPBIE 3aBUCST
OT THUIIA JKUAKOCTH, B KOTOPOU IPOBOJATCS UCCIIETOBAHMUS.

[Ipu n3mMeHeHnu CUIIbl B3aUMOJCHCTBUS 30Ha U 00pa3iia KaHTUJIeBep, Ha
KOTOPOM 3aKpPETUICH 30H/, OTKJIOHAETCS (M3Tu0aeTcs), U TOT U3THO PETUCTPHU-
pyeTcsi ¢ MOMOIUIBI0 oNTHYEeCKO# cucteMbl (puc. 15). CooTHOLIEHUE MEXTY CH-
JIO¥, BO3JICMCTBYIOIICH HA 30HJ CO CTOPOHBI 00pasia, U OTKJIOHCHUEM KaHTH-

JIeBepa, ONMKMCHIBACTCS 3aKOHOM [ 'yKa:
F =—kx, (1)

rae F — cuna, H; k — koHcTanTa ynpyroctu kantunesepa, H/M; X — OTKIIOHEeHHE

KaHTUJICBEPA.
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HMeTauHuK
NasepHoro
HanyusHUa

3eprano YeruipexcekUMoHHbIA

3oun thotoauos

Obpasell
Moanoxka KanTtunesep

)
LSS S A ST

Puc. 15. Cxema n3ruba KaHTUIIEBEPA U PETUCTPALIMH B3aUMOAECHCTBUS

30H]1a ¥ 00pa3ia C MTOMOIIbIO ONTHYECKON CUCTEMBI

OpnHako Ipu CKaHMPOBAHUU IPOUCXOJHUT CMEIIECHHE 30H]1a HE TOJIBKO 10
HOPMAJIA K IIOBEPXHOCTHU, HO U B JIATEPAIbHOU IUIOCKOCTU. Bee cmelenus pe-
TUCTPUPYIOTCS YETHIPEXCEKIIMOHHBIM (DOTOIUOIOM.

K MexaHnndeckon 4aCcTu aTOMHO-CHUJIOBOTO MHUKPOCKONIA OTHOCATCS] TAKKE
CUCTEMa TOYHOTO MO3ULUOHUpPOBaHUA. [l mepeMerieHus 30H4a, 3aKpeIuIeH-
HOT'O Ha KaHTHUJIEBEPE, MCIIOIB3YIOTCA INbE30KEPAMUYECKHUE IBUTATENIN, KOTO-
pble MEPEMEINAIOT 30H] C TOYHOCTBIO 10 aHrcrpema. IIpe3okepamuueckue Ma-
TEpUAIIbl U3MEHSIOT CBOM pPa3Mepbl IOJ JIECUCTBUEM IIPUIIOKEHHOTO K HUM
AIIEKTPUYECKOTO HaIpsDKeHMs. Tak, HarpuMep, Nbe30KePaMUYECKUN LIWJIMHAP
IIPU NIPUJIOKEHUN HANPSDKEHUS BAOJb OCH YIJIMHSAETCS U CTAHOBUTCSA TOHBIIIE.
DTO CBOMCTBO M MCHOJIB3YETCS JUIsl IEPEMENIECHUS 30Ha IO OJHON KOOpAUHA-
T€, a JUIsl MEepEeMEIICHUs MO TPEeM KOOPAMHATAM HCIOJIb3YyeTCs KOMOWHALMS

U3 TPeX B3aMMHO MEPIEeHIUKYIAPHBIX 0anok (Tpunon) (puc. 16).

Puc. 16. Cxema yCTpONCTBA TPUIIOJHOTO CKaHEpa
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Onnako B HacTosilee BpeMs 00Jblliee pacIpOCTPAHEHUE MOTYUHIN TPYO-
yaTble cKkaHepbl. M3rudbl 0AMHOUHON TPYOKH MPUBOAST K MEPEMEIICHUIO 30Ha
nmo ocsiM X W Y, a yKOpauyMBaHUE WJIM YJJMHEHHE — MO OCHU Z, T. €., KaK
U B Cly4dae MPUMEHEHUs TPUMOJa, MEPEMEIICHUE OCYIIECTBISECTCS B TPEX B3a-
MMHO MEPIEeHAUKYISPHBIX HarpaBiieHUsiX. KOHCTPYKIIMU COBPEMEHHBIX MaHHU-
NyJATOPOB 00ECIEUMBAIOT AUANA30H MEXAHUYECKOTO MEPEMEIICHUs 30Ha 10
150—200 mxm o ocsiM X 1 Y 1 1o 12 MKM 110 ocH Z, T. €. B JJHana3oH CKaHHU-
POBaHMS 3aKJIA/IBIBAETCS BO3MOYKHOCTh MCCIIEIOBAHUS KaK KJIETOK, TaK M TKa-
HEW M MEXKJIETOYHBIX KOHTaKTOB. HemocTtaTkoM TpUMOJNIOB SIBJISIETCS J10CTa-
TOYHO CUJIbHAsi aCHMMETPHSI, HO B OTJIMYHUE OT TPyOUATOro CKaHepa OH Mpeo-
CTaBJsieT OOJBIIMI UAaNa30H CKaHUPOBAHUS MO OCH Z, TOITOMY il OMOJIO-
TUH, TJI€ BBICOTA KJIETOK YacTO SIBISETCS OTPAHUYUBAIONINM (PAaKTOPOM, JTyUIlie
NOAXOAT UMEHHO TPUMOJHBIE KOHCTPYKIIUU MbE303JIEMEHTOB. XOTS Y MbE30-
KEpAaMUKH UMEIOTCSI HEJIOCTATKU (KpUI U TUCTEPE3UC), UMEHHO ATOT THUIl CKa-
HUPYIOIIUX 3JIEMEHTOB OOYCIJIOBJIMBAET BBICOKYIO TOYHOCThH MO3UIIMOHUPOBA-
HUS W TIepeMeIIeHus 30H1a win obpasna. [Ibe3031eMeHT MOoXKeT mepeMeniarh
30H] (CKaHMPOBAHHE 30HAOM), & MOXET MEPEMEIIATh MOBEPXHOCTh, HA KOTO-
pyro HaHeceH oOpaser] (CkaHupoBaHue oOpaszioM). [[s OMoIOrUUecKux U me-
JTUIUHCKUX MCCIIEIOBAaHUM HE SBJISIETCS MPUHIUIHAIBHBIM BOIPOCOM, KaKOU
AJIEMEHT SIBJISIETCS HEMOJABMIKHBIM, a KaKOW — JBIXKYIIUMCS, HO B JIIOOOM CIy-

yae TpeOyeTCsl HaJTM4Ke XOPOIIeld CHCTEMbI BUOPOU3OIISIINH.

Onmuueckas cucmema amomMHO-CUI08020 MUKPOCKONA
OnTryeckas CHCTEMa COCTOUT M3 MCTOYHHKA KOTEPEHTHOTO W3ITyYCHHS
(;mazepa), myd KOToporo PoKycupyeTcs Ha KOHYMKE KaHTmieBepa. JIyd orpaxa-
€TCsl OT MMOBEPXHOCTH KaHTHJIEBEPA, BHICTYIIAIONIETO B Ka4e€CTBE 3epKaJia, U T0-
najaeT B IEHTP YETHIPEXCEKIIMOHHOTO (doTomuona. [Ipu m3rudbe kaHTUiIeBEepa
JTy4 Ha GOTOIUOJIE CMEIIAETCs, YTO MPUBOJIUT K MOSBICHUIO TOKA PacCcOriaco-

BaHMUsI, KOTOPBIA peructpupyercsa auddepeHnanbHbIM YCUIUTENEM U aHATuU-
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3UpyeTcsi B cucreme oopatHoil cBsizu (puc. 17). Ilpu cMmelennu kaHTuiieBepa
B HOPMaJIbHOM HAIpaBICHUU WU TPU €ro KPYUYEHUHM BO3HHUKAET pa3HHIlA
B CHUTHajlaX COOTBETCTBYIOLIUX Y4YacTKOB (POTOMO/A: BEPXHHE CErMEHTHI /
HIDKHHUE CErMEHTHI (Ipu M3rube B HAMpaBJICHUW HOPMAJM) WJIM TPaBbIE CEr-

MEHTBI / IEBbIE CETMEHTHI (Mpr OOKOBOM KPYUEHUN).

Herournk
NazepHoro
H3NYUEHMs

HeTbipexceKuuoHHbIR
thotoonog

Tok paccornacoBaHu1s
Ha thoroauone

3epkano

Kantunesep

Puc. 17. Cxema popmMupoBaHUs TOKa paccoriiacoBaHusi Ha POTOANOIE

[lepBbIil curnan HeceT MHGOPMALIMIO O OaJlaHCe CHJI TIPUTSDKEHUSI U OTTaJl-
KUBaHUS, a BTOPOM — O JaTepajbHbIX CUJIaX B3aUMOJICHCTBUS 30HJa U oOpaslia.
B nauane paboThl TPOM3BOAUTCS IIEHTPOBKA Ja3epa Ha PoToanoae, KOTopas J0-

CTUTACTCS PETYINPOBKON B3aMOPACIIONIOKEHHUS TIepa, 3epKajia v (POTOaNOIa.

DnekmpoHHas cucmema 0OpamHou Ces3U U KOPPEKMUPOBKU CUSHANA

[lernb 0OpaTHOI CBA3M B COBOKYIMHOCTH C 30HJIOM, CEHCOPOM M IbE30-
NEKTPUYECKUM JIBUTaTelIeM OOpa3yloT MEXaHU3M Uil IO3ULMOHUPOBAHMS
30H/1a, C IOMOIIBIO KOTOPOT'O 30H] YJEp>KUBAETCs Ha (PMKCHUPOBAHHOM PAcCTO-
SHUM OT TOBEpXHOCTU. [Ipu OosblieM mpuOIMKEHUU 30HAA K MOBEPXHOCTHU
CCHCOPHBIM curHan BospacraeT. Kommaparop cpaBHMBAaeT €ro ¢ OIIOPHBIM
HaIpsSOKEHUEM U BbIPa0AThIBAET KOPPEKTHUPYIOUIUMN CUTHAN, MCHOJb3yEMbId B
Ka4yeCTBE YIMPABJISAIOLIETO AJIs MbE30ABUTATENs, KOTOPBIM OTBOJIUT 30HA OT 00-
pasua. M3HayansHO Ipy HACTPOMKE OTpa)XCHUE ja3epa LEHTPUPYETCs B OIpe-

neneHHor Touke (oroauona. Tok paccoriacoBanusi Ha doroauozae (puc. 17)
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IpU M3ruOe KaHTUJIEBEpa MOKA3bIBAET, YTO TPEOYETCs 3amyCK CUCTEMbI KOP-
pexuuu. Cucrema KOppEKIMY MOJAeT CUTHA Ha MbE303JIEMEHT JI0 Te€X Iop, Io-
Ka u3rub KaHTuiIeBepa (a ciaeaoBaTeIbHO, U CUTHAT Ha (DOTOMOE) HE BEPHET-

Csl K UICXOJIHOMY ypoOBHIO (puc. 18).

Cucrema obpatHoi casau
H KOPPEKUMH

KonTponnep

MeTouHuk
nasepuoro
HSJ'tyLIEHHﬂ

Dete KTOp pré‘-laTbH:l
CKaHep 3

YerbipexceKkUMOHHBIH ——
choToaMos, —

QObpazey Kautunesep

MNognoxka
3oHa

Puc. 18. Cxemarnyeckoe n3o0pakeHne paboThl CUCTEMbI OOpPAaTHOM CBS3H

Jlnis mojaep kaHusl Kakoro-imbo napamerpa (MoJIOKEHHE WM YacToTa KO-
ne0aHusl KAaHTUJIEBEPA), PABHOI'O HEKOTOPOMY 33JaHHOMY 3HAYEHUIO, TpeOyeTcs
BBEJICHUE TPEX KOMIIOHEHT: MPOMOPIUOHATILHON, MHTErpagbHOo U auddepeH-
nuanbHOU. [IponopruoHanbHas KOMIOHEHTa 00ECIIeUnBAET OTKJIMK CUCTEMBI Ha
pe3Kkre M3MEHEHHUsl curHana paccorjlacoBanusi. IIpu xoppexkTtHol paboTte 3TOMU
COCTABJISIIOIIEH IIPONMCHIBAIOTCA CaMble MEJNKHE ACTaIM IMOBEpXHOCTH. MHTe-
rpajibHas KOMIIOHEHTa KOHTPOJUPYET OTKIMK CUCTEMbI B OOJIACTH HU3KHX Ya-
CTOT, T. €. OTpabaTblBaeT KPYyMHHbIC IETAIM MOBEPXHOCTH M KOMIIEHCHUPYET
HaKJIoH oOpasua. uddepeHunanbHas cOCTaBIAOIAs SBISIETCS CTAOUIU3UPY-
IOIIMM IMapaMeTPOM, KOTOPbIA HUBEIUPYET OCLHMIULALHAHA TPU BBICOKHX CKOPO-
CTSIX CKAHUPOBAHUS U MIPH UCCIIETOBAHUU CIOXKHOTO pefibeda MOBEPXHOCTH.

IIpn HacCTpoOMKE aTOMHO-CHUIIOBOTO MUKPOCKOIA BAXKHO NPABUJIBHO 331aTh

XapaKTCPUCTUKH, 06CCHGIII/IBaIOH_II/IC CBOCBPCMCHHYIO KOPPECKOUIO CUTHAJIA.
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Kak mpaBwiio, yem BblllI€ NPONOPLMOHANBHAS W WHTErpajbHas KOMIIO-
HEHTBI, TEM Jyullie (PYHKIIMOHUPYET IeNb OOPaTHON CBSI3M U TEM TOYHEE IPO-
IIACBIBAKOTCSI YEPTHI CKAHUPYEMOUW NMOBEPXHOCTU. OIHAKO €CIIM OHU IIPEBBICAT
HEKOTOPBIM KPUTHUUECKUN YPOBEHb, 3TO MPUBENET K MOSABICHUIO CaMOBO30YX-
nenus. [losBneHue myma B cilydae CKaHMPOBAHUS JKUBBIX KIIETOK (OCOOEHHO

C MaJIOW PUTHIHOCTBIO MEMOPAH) MPUBOJUT K UX pa3pylueHuto (puc. 19).

MK
40,15

Puc. 19. PazpyiieHue KJIeTKH PH CKAHUPOBAHUU

B PC3YyJIbTATC CaMOB036y7KI[eHI/I$[ CHUCTCMbI

ITpy HU3KUX 3HAYEHUAX MPONOPLIMOHAIIBHON U UHTETPAJIbHOU KOMITIOHEHT
cucTeMa oOpaTHOM CBSI3U HE yCNEBAET KOPPEKTUPOBATh CUTHAN, a 3HAYUT TOY-
HOCTh OTOOpakeHHs Tomorpaduu HUCCIEAYEeMOW MOBEPXHOCTH OyJIeT HU3KOH.
[Ipu ckaHMPOBAHUM KUBBIX KJIETOK WHOTJIA MIPUOETAIOT K ITOMY MPUEMY, UTO-
OBl CHU3UTH BO3JICHCTBHUE 30H/1a HA MMOBEPXHOCTh UCCIIEAYyeMOM KIeTKU. B aToM
cllyyae MHTErpajibHasi KOMIIOHEHTa JOJIKHA ObITh HUKE HEKOTOPOro KpUTHUYE-
CKOT'O YpOBHS, B IPOTUBHOM CITydae 30H] BBIAJET U3 oOpaTHOM cBsizu. Kpome
TOr0, CHIJKCHUE MHTETPAJIbHON KOMIIOHEHTBI HE JA€T BO3MOKHOCTH MOJTYyUYCHUS

MOJTHOIIEHHOT'0 U300paXkeHus kineTku (puc. 20).
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MHEM
35,13

17.57

0 17,57 35,13 mkm

Puc. 20. CamxeHue MHTErpajibHOW KOMIIOHEHTBI TPUBOJUT

K HCYHOBJICTBOPUTCIIbBHOMY Ka4YCCTBY I/I306pa)KeHI/IH KIJIICTKH

Takum oOpazoM, oTiakeHHass paboTa MEXaHMYECKOM, ONMTHYECKON U CO-
CTaBJISIFOLIEH CUCTEM aTOMHO-CHJIOBOI'O MUKPOCKOIA 00€CIeunBaeT MOJIyueHHue
U300pakeHus JIF0OOro OMOJOTUYECKOT0 OOBEKTa C BBICOKMM IMPOCTPAHCTBEH-

HBIM Pa3pelICHUEM.

2.2. PEXXUMBI (MO/Ibl) CKAHUPOBAHMS OB bEKTOB

Cy1iecTByIOT KOHTAaKTHBIC, KOJeOaTenbHbIe (PE30HAHCHBIC) PEKUMBI CKa-

HupoBanus (puc. 21) u pexum (Ha3zoBOro KOHTpaCTa.

Fi Cuna
OTTAIKMBAHHA
%A
-
F3 Paccrosnue
X 3ong—obpazey
g R
g
"
g
g
i
Cuna

NPHTAXKEHHA

Puc. 2]. 3aBucumocTts cuiibl F B3auMoeiicTBUs 30H1a

1 o0Opasla oT paccTossHus R Mex 1y HUMH

N toT m napyrodi MeToabl IMIMPOKO HCIOJIB3YIOTCS MPU HEOOXOAUMOCTHU
MOJIYYCHUST ¥ aHAIN3a N300paKeHNs] B OMOMEIUIIMHCKUX MCCIIeOBAHUAX. BhI-

60p PCKHUMa IMPOU3BOAUTCA UCXOIS U3 ITOCTABJICHHBIX ITPAKTUYCCKUX 3a/1a4y.
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Konmaxmmnuwiti pescum ckanupoganusi

CymiHocTh paboThl MHKPOCKOINA B KOHTAKTHOM PEXKHUME 3aKJIH0YaeTCs
B HEMOCPEJACTBEHHOM KAaCaHWM 30HJa MOBEPXHOCTH, B PE3yJIbTaTE YEro TPACK-
TOPHSI BEPTUKAJIBHOIO IepeMEIeHNs 00pa3iia OTHOCUTEIBHO 30H/a B MPOLECCE
CKaHMPOBAaHUs KAKOTO-JIMOO y4YacTKa COBHAAAET C peiabedoM MNOBEPXHOCTH.
CyMmMa Bcex cuil, TEeWCTBYIOIIMX HA 30HJ CO CTOPOHBI 00pa3lia, ypaBHOBEIIU-
BaETCs YIPYTrol CHJIOW M30THYTOIO KaHTUJIeBepa. B ciydae ckaHupoBaHus 00-
pasiia B KOHTAKTHOM pEeXUMe CUCTeMa 0OpaTHOM CBSI3U U KOPPEKTUPOBKU CHUT-
Haja MOJJEPKUBAET HAa NMEPBOHAYAIBHO 33/JIAHHOM YPOBHE BEJIMYUHY HM3rHOa
kaHtwiesepa. [Ipu u3MeHeHnn Tonorpapuu MOBEPXHOCTH M3rMO KaHTUIIEBEpa
YBEJIIMYUTCS, YTO MPUBEAET K BOSHUKHOBEHHUIO TOKA PaccoriacoBaHus Ha (oTo-
IMOJIE U, KaK CIeACTBUE, BOBHUKHOBEHUIO HANIPSDKEHUS B MeTie oOpaTHOU CBS-
3U. DTO HaNpPsHKEHHE, [T0JaBaEMOE Ha IbE303JIEMEHT, C OJTHOM CTOPOHBI, BBI30-
BET KOPPEKTHUPOBKY MOJIOKEHUS 30H[a, & C IPyrOod CTOPOHBI, OHO OyAET Ipo-
NOPLIMOHATILHO BBICOTHOMY pefibedy moBepXHOCTH oOpasua. Takum oOpazom,
CUTHAJI B CHCTEME OOpAaTHOW CBS3M HANPSIMYIO OTOOpakaeT Tomorpadurio mc-
ClIelyeMOM MOBEPXHOCTH. DTOT CUTHAJI M UCIOJIB3YETCs JIsl HOCTPOCHUS U300-
paxenus. Enie oHUM BapuaHTOM MOJIyYeHHUS] M300pakKeHUsl MOBEPXHOCTH SIB-
JSI€TCSL UCTIOJIB30BAHHUE PEXUMA MEPEMEHHON CUJIbI, HO MTOCTOSIHHOTO PacCTOs-
HUs. B HEM ckaHHpOBaHKE MPOUCXOAUT MPHU MOJAEPKAHUM MTOCTOSTHHOMN BBICO-
Thl MEXJly OCHOBaHMEM 30HJ0BOTO JaTYMKA U MOBEPXHOCTBIO, & ISl IOCTPOE-
HUSl U300paKeHUs MCTOJIB3YETCsl CUTHAN M3ruba KaHTUIIEeBepa, KOTOPBIUA Mpo-
NOPILIMOHAJIEH CHUJIE, IEUCTBYIONIEH Ha 30HJ CO CTOPOHBI MOBEPXHOCTU. TaKuM
o0pa3zoM, U300pakeHre, MOJy4aeMOoe B PEKUME MOCTOSIHHOM BBICOTHI, OTpaXka-
€T MPOCTPAHCTBEHHOE PAaCIpPEICICHUE CHJI B3aUMOJEHCTBUS 30HIA C MOBEPX-
HOCTBIO. HegocTaTkm KOHTAaKTHOrO peXuma SBISIOTCS CIEICTBHEM CaMOro
[JIABHOT'O YCJIOBHSI METOJA: HEMOCPEACTBEHHBIN KOHTAKT 30HAa U 00pa3ua. 1o
MO>KET MPUBECTU K OBICTPOMY M3HOCY WJIM MOBpEXIAEHUIO 30H1a. Ho mockoms-

Ky Ouosorumyeckuii obpaser] ropaszno 0osee MITKUM, OH MOBPEKIAETCS OBICT-
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pee, 4TO HE MO3BOJISIET MOJYUYUTh OOBEKTUBHYIO KaPTUHY COCTOSIHUSL OMOJIOTH-
4eckoro o0wvekra. O4eBUIHO, YTO MPU CKAHUPOBAHUM B KOHTAKTHOM PEKHUME
OMOJIOTHYECKUX OOBEKTOB HEOOXOJMMO BBHIOMpATh KaHTWUJIEBEPHl C HAMMEHb-
UMY KO3 PUIUEHTAMU KECTKOCTH.

Kakue Obl orpaHnueHusl HEe HAKJIaJbIBaJl KOHTAKTHBIA METO]] CKAaHUPOBa-
HUs, B HEKOTOPBIX CIy4yasx OH OKa3bIBaeTcs HezameHuM. Hampumep, riaBHbIN
HEJI0OCTAaTOK aTOMHO-CHJIOBOM MHKPOCKOMHMHU IO CPaBHEHUIO C DJIECKTPOHHOM
MUKPOCKOIIHEN 3aKII0YaeTCsi B TOM, YTO aTOMHO-CHUJIOBOM MHUKPOCKOII MO3BO-
JSIeT MOy4yaTh M300pa)K€HHE TOJBKO MOBEPXHOCTH KIIETKH, & HE €€ BHYTPEH-
Hel cTpyKTypbl. OIHAKO, €C/IM HACTPOUTh NPUOOP TaKUM 00pa3oMm, 4yToO OyaeT
00ecrevyeHo CUJIbHOE MPUKAaTHE 30HAa K MOBEPXHOCTH, B KOHTAKTHOM PEKUME
CKaHHPOBAHHUsI JOCTATOYHO JIETKO MOKHO «IIPOIMCATH)» IIUTOCKEJIET HCCIIELye-
MOM KJIETKM M OLICHUTh €r0 MEXaHWYECKYH NIpOYHOCTh. Takas meTonuka
YCIEIIHO MPUMEHEHA K MCCIIeI0BaHNI0 MakpodaroB u Gprudpo01acToB.

Enie oqHuM BapuaHTOM MCIOJIb30BAHUSI KOHTAKTHOTO PEXXUMa CKaHUPOBa-
HUS SIBJISIETCSI MCCIIEOBaHNE (DPUKLIIMOHHBIX CBOWCTB MOBEPXHOCTU. JlJisi 3TOrO
NPUMEHSIETCST peXuM  peructpanuu  jarepainbHbix cuin  (Lateral Force
Measurement, LFM). B moge LFM uccrnenytorcsi Cuiibl TpEHUSI MEKY MTOBEPX-
HOCThbIO oOpa3zua u 30H10M. Ecin B ACM-cencope n3o0paxeHne MoBEepXHOCTH
dbopMupyeTcst MyTeM PErucTpaluyd Pa3HOCTHOIO CHUTHAJIa MEXAY BEPXHHUM
U HUKHUM CEKTOpaMH (POTOAETEKTOpPA — OTKJIOHEHHUE M0 HOPMaJIH K MOBEPXHO-
ctu (top — bottom, T — B), To B LFM-cencope st moiydeHusi KapThl pacipe-
JIEJICHUS JTaTePaIbHBIX CUJI BBIIEISETCS PA3HOCTHBIN CUTHAN JIEBOTO U IIPaBOTO
cektopoB ¢otoaerekropa (left — right, L — R). B nporniecce ckanupoBanusi Ha

30H] JiecTByeT cuia TpeHus (F) co cTopoHbl OBEpXHOCTH:
F=uN, 2)

rje | — JOKIbHBIN KOd(pdunmeHT TpeHus; N — cujia peakiuu, JTelCcTBYIoast

Ha 30HI CO CTOPOHBI 06pa3ua.
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KanTtunesep ucneIThiBaeT aedopmalivio KpyuyeHHsl B BEpTUKAIBLHOW TIOC-

KOCTH, YTO MPUBOJUT K TOKY PaccorjiacoBaHUsl Ha JICBOM M IPABOM CEKTOpax

YETBIPEXCEKIIMOHHOTO hoToaroAa (purc. 22).

R

ToK paccornacosaqua
Herounuk Ha YyeTbIpexcekHoHHom thoTomone
NazepHoro

H3NYyHeHHA

T T TP

Kantunesep

Hanpasnenne
CKaHUPOBaHHA

Puc. 22. Cxematuueckoe n300paxeHune padoThl

pPEKrUMa pETUCTPAINU JIATCPAJIbHBIX CUJI

Yem Oonbiie k03PGUIMEHT TPEHUSI MEXKY 30HIOM M YYaCTKOM IMOBEpX-
HOCTH, TI0 KOTOPOMY JBIJKETCS 30HI, TeM OOJbIle M3rn0 KaHTUJICBEpPa U TEM
oomnwie pasHocTHBIA curHan L — R. Takum o6pazom, ydacTku ¢ OOJBIITUM KO-
appunmerTom TpeHus Ha C3M-M300paKeHUU BBITJISIAT 00JEe CBETIIBIMH,
a C MCHBIIIMM — TEMHBIMH.

B HEKOTOPBIX CiIydasx CHIIBI TPEHHS MEXIY 30HJIOM U 00pa3lioM MOTYT
HCKa)XaTh TomorpaduuecKuii CUTHAJI W MPUBOIUTH K oOpa3zoBannio Ha ACM-
n3o0pakennn apredaktoB. s HEUBEIUPOBAHMS STOT0 HEXKEIATEIBHOTO (-
dekTa HeoOXoauMO BKIIOYATh peructparuio LFM-curnana kak B mpsiMoM, Tak
U B 00paTHOM HaIlpaBJICHUW CKaHUpOBaHMs. Ecim KOHTpacT nmpsiMoro u oopat-
HOTO M300pakeHWi OyJeT WHBEPCHBIM 1O OTHOIIECHUIO APYT K JAPYTY, 3HAYUT
LFM-u3o0paxkeHue oTpaxaeT UCTUHHBIE JIOKaJbHbIE Bapualuu (PUKIIMOHHBIX

CBOMCTB IMOBEPXHOCTU. B OHOIOTMYECKUX IKCIEPHMEHTaxX Oiarogaps ImpuMe-
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HEHUIO PEXKHMMA JIATEPAIbHBIX CUJI YJAETCsl MOJYYUTh JIONOJHUTEIbHYIO WH-
dbopmarlinio, HEOUEBUAHYIO MPU UCIOJIBb30BAHUU TOJBKO TOMOrpaduuecKo Mo-
nel. Hampumep, Ha puc. 23 nmokaszaHo, Kak Omarogaps npumenenuto LFM yna-
JIOCh BBISBUTH OaKTEpUaJbHbIC KJIETKU HA IIEPOXOBATOM IMOBEPXHOCTU OYK-

KaJIbHOI'O 3IIMTCINOLOUTA YCIOBCKA.

BﬂI-CTE_E]J' HATEHEIC ETTCTRIT

Puc. 23. Unentudukanus 6akTepuil Ha TOBEPXHOCTH OYKKAIBLHOTO MHUTEIUOIUTA:
a — n300paxeHne MOBEPXHOCTH OYKKAIBHOTO SMUTEIHOINTA, TTOTYYEHHOE B KOHTAKTHOM

pexxume oToOpakenust Tonorpaduu; 6 — n3o0opaxxenue, noayueHHoe B LFM-pexnme

Emre onHuM mosne3HbIM METOJI0M U3ydeHus oBepXHOCTH B ACM sBiseT-
Csl pPEXKUM HUCCJIEOBAaHUSI MUKPOTBEPAOCTH 00pa3iia B HAHOMETPOBOM MacIlTa-
0e — pexuM Z-Monynsanun. B aTom pexxume Ha och Z Mbe30MpuBoa (CKaHepa),
KpOME ITOCTOSTHHOTO HaIPsDKEHUS, 00€CTICYMBAOIIETO MepeMelieHrne 30Ha 10
BEPTUKAJIU U OTCJICKUBAHUE Tororpaduu, MojgaeTcsi nMepeMeHHasi COCTaBIISIO-
masi ¢ 4acToToi okoyo 5 kI, T. €. 3HAYUTETLHO MEHbIIIEH COOCTBEHHOHN pe30-
HAHCHOM 4YacTOTHI KaHTHWJIEBepa. BciencTBue 3TOro 30H] coBeplaeT KoJieOa-
HUS TI0 BEPTHUKAIW ¢ HEOOJBIIONW aMIUIUTYAOM (30HI Kak OBl TECTHUPYET IIO-
BEPXHOCTh Ha MOAATINBOCTB).

Ha 30Ha neiicTByeT mepeMeHHasl cuia, MPONOpUUOHAIbHAS YIPYTOCTH
Marepualia o0pasiia, MPUBOAIIAs K OTKJIOHEHUIO KaHTUJIEBEPA U3 PaBHOBECHO-
ro TOJIOKEHUSI M K BO3SHUKHOBEHUIO IMEPEMEHHOM COCTABIISIIOIIEN PA3HOCTHOTO

curHaia Ha (OTOANO0/I€ B BEPTUKAIHLHOM HalpaBlieHUH (110 HOpMaJii K MOBEPX-
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HOCTH). JTa MEPEMEHHAsi COCTABIISIONIAs OMPEACIIAETCS, IeTEKTUPYETCs U Toj1a-
eTcsl B KaHal Z-MOAYJSIUHU 711 OPMHUPOBAHUS U300paKEHUSI KapThl MUKPO-
TBEPAOCTU NOoBepxHOCTU. Eciu moBepxHOCTh 00pasiia MsArkas, 30H7 MPOHUKAET
B Hee 0e3 3arpyaHeHuil. B 3ToMm ciydae JABMIKEHHE TMbE30KEPAMUKH MO OCU Z
KaHTUJIeBepa OyJeT MMETh MPUMEPHO OAMHAKOBYIO aMILTUTYy, TaK 4YTO pas-
HOCTHBIM cUrHa)l Ha Qotonuose okaxerca man (puc. 24, a). Ilpu ckanupoBa-
HUU TIOBEPXHOCTH TBEPAOro 00pasiia 30H1 OYyJIeT UCIBITHIBATH COMPOTUBIICHHUE
IIpU BHEJIPEHUU B 00pasell, 1 KaHTHJIEBEP P 3TOM OyJeT CUIIbHO U3TH0aThCs,
YTO MPHUBEJET K YBEJIMUYECHHUIO PA3HOCTHOTO curHaia Ha ¢potoauoze (puc. 24, o).
Taxum 00pa3om, U3BMEHEHHE TBEPIOCTH MOBEPXHOCTH BBI30BET M3MEHEHUE aM-

IUINTYABI.

I Z-MoaynfauH# 1 Z-monynauHs

i ]

Puc. 24. I3meHeHue NOJI0KEeHNS] KaHTUIIEBEPA B PEKUME Z-MOYJISIUU:
a — IPOHUKHOBEHHE B MATKHIA 00paserl;

O — OTKJIOHCHHE B CIydae TBEpJI0To oOpasia

Bricokoli ammumtyae OyneT COOTBETCTBOBaTH OoJiee TBEpAasl MOBEPX-
HOCTh (CBETJIbIC YYACTKH), @ HU3KOM aMIUIUTYJle — 0ojiee MATrKas MMOBEPXHOCTh
(Temuble yuacTtku). CrnenoBaTesibHO, IO KapTe MUKPOTBEPAOCTH MOXKHO pasiiv-
YUTh JIOKAJIbHBIA KOHTPACT, 00YCIOBIEHHBIA Pa3HBIM MPOYHOCTHBIM COCTaBOM
obpasna (puc. 25).

B kaudectBe mpumepa UCHOIB30BaHUS PEXUMA Z-MOIYISIUA TPUBEIEM
UCCIIEIOBAHUE PACIPEEICHUs JOMEHHOM IIOTHOCTU U Pa3HOW TEKCTYPHI B JIH-

nugHoOM Oucioe (puc. 26). Pexum Z-Moayisuuu MO3BOJSET KapTHUPOBATH 00-
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jee MArkue (MoAAaT/IMBbIE) YUYACTKU MOBEPXHOCTU U 0oJiee TIOTHBIE (YIPYTHUe)

Y4aCTKH, HE UMEIOIIHNE COOTBETCTBUSI TOMOTPAPUIECKOMY U300paKEHUIO.

\ / KaHTtvnesep

Obpazey

Teeppan Markas Teepgas
obnacte obnacrs obnacts

Puc. 25. Cxema n3MeHEHUs aMIUIUTY/Ibl KOJIeOaHusl KaHTUJIEBEpa
B 3aBUCUMOCTH OT MUKPOTBEPIOCTHU TOBEPXHOCTH 00pa3La

MEM

0 5.5 11 Mkm

Puc. 26. ®parmeHT MeMOpaHbI ANUTENNATBHON KJIETKH YeJIOBeKa:
a — CTaHJIapTHBIN pesibed MOBEPXHOCTH, MOTYUYEHHBIN U3 KaHaIa 0TOOpakeHUs

Tonorpaduu; 6 — pexXKUM MUKPOTBEPAOCTH, MOTYUYEHHBIN U3 KaHaa Z-MOAYISIUH.

Konebamenvuolii (pezonanchwiii) pes’cum cKaHUpo8aHus

B konebaTenpHOM peXuMe CKaHUPOBAHUS KaHTHUJIIEBED MPUBOAAT B Pe30-
HAHCHBIC KOJIeOaHUs, W B3aUMOJICHCTBHE C TIOBEPXHOCTHIO BBI3BIBACT M3MCHE-
HUE aMILIUTY/Ibl, 9aCTOTHI WIIH (pa3bl PE30HAHCHBIX KoJieOaHui. [Ijist m3MepeHus
CHJIOBOTO B3aMMOJICUCTBHS 30H/1a U 00pa3iia B CUCTEME MPEPHIBUCTOTO KOHTAK-
Ta UCIOJIB3YETCSl PE30HAHCHAS CXeMa.

Ha mbe3okepaMuKy HAKJIaIbIBACTCS IMEPEMEHHOE HAIpPsDKEHUE, KOTOPOE
BBI3bIBACT M3MEHEHHE €€ pa3MepoB. HacTOTY 3TOTO JIOTIOJHUTEIIEHOTO ITEpEMEH-
HOT'O HAIPsDKEHUST BHIOMPAIOT PaBHOW COOCTBEHHOW YacTOTE KOJIeOaHWN KaHTH-
JieBepa Ui HEMHOTO Oosibliie (00BIYHO OHA HaxoauTcs B npenenax 150-250 kI
¢ ammumatyior 10-50 aM). B cB0O0OIHOM cocTOsTHUY 30H7a (BAAJIM OT 00pasiia)

JacTOTa U aMIUIUTYyda KOJICOaHUH KaHTWICBCPA MOAACPKUBAIOTCA HaA ITOCTOSAH-
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HOM ypoBHe. [Ipu mpubIMKeHNN KOHCOJIU K TIOBEPXHOCTU MEXKIY 30HAOM U 00-
pa3lioM BO3HUKAET JIOMOJHUTENbHBINA IPAIUEHT CUJI, KOTOPBIM MPUBOJUT K C/IBH-
Iy PE30HAHCHOW YacTOThl KaHTWIEBepa. HampapiieHue caBura pe30HAHCHOU
4acTOThl OYJIET 3aBUCETh OT TOTO, KAKUE CUJIbl MPUTSIKEHUS UM OTTAIKABAHUS
OyJlyT pEeBAJIUPOBATH Y MMOBEPXHOCTH oOpasia (puc. 27, 28).

['panvieHT cui NPUTSIKEHHS CO3/1aeT JIONOJHUTEIBHOE HANpsKEHUE Ha
KaHTHUJIEBEPE, YJEP KUBAIOIIEE €r0 Y MOBEPXHOCTU. DTO BBI3bIBAET M3rHOaHME
KaHTUJIEBEpA MO HAIMpaBJICHUIO K 00pa3iy (puc. 27, a) U CABUTAeT PE30HAHC-

HYIO 4aCTOTY KaHTHWJIeBepa BieBo (puc. 27, 0).
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Puc. 27. I'paiueHT CUl NPUTSKEHUS

I'paguent cuit ortankuBanus (puc. 28) «0TOpachIBacT KaHTUIEBEP OT HC-
ClIeTyeMOM MOBEPXHOCTH. DTO BBI3BIBACT M3TMOaHNE KaHTUJIEBEpa IO HampaBJie-
HUIO OT oOpasma (puc. 28, a) U CHIKEHUE PE30HAHCHOM YacTOThl KaHTHIICBEpA

CO CMEIIIEHHEM BITpaBo (puc. 28, 0).
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Puc. 28. I'pagueHT cuin OTTaAIKUBAHUS
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Tak Kak 4acTOTa BBIHYXIAIOIIMX KOJICOAHWM KaHTHUIIEBEpa MOJAep KUBa-
€TCsl TIOCTOSTHHOM, TO TIpU MPHUOJMKEHUN 30H]1a K MOBEPXHOCTH aMILIUTY/1a KO-
nebaHuil cBOOOJHOTO KOHIIA KaHTWIEBEpa yMeHbIaeTcs. JlomoTHUTEIbHBIN
BKJIJT B AEMII(DUPOBAHUE aMIUIUTY Ibl BHOCSIT HEYNIPYTHUE MPOLIECCHI MPU COY/Ia-
peHUsIX 30H7a U 00pa3lia. 3aryxaroias aMIUIUTY/ia KOJIEOAHUN PErucTpupyercs
C TOMOIIBI0 ONTHYECKON CUCTEMBI M MOXKET OBITh OIpEeiICHa IO MOSBICHHUIO
TOKa PaccoryiacoBaHus Mexay BepXxHuMH (top, T) u HuxauMu (bottom, B) kBaj-

paHTaMU YEThIPEXCEKIIMOHHOTO GoToauoaa (puc. 29).

Vith.=T—B

’ B Vi) >

Puc. 29. Cxema paboThl aTOMHO-CHUIIOBOTO MUKPOCKOIIA
B PEKHUME MPEPHIBUCTOTO KOHTAKTA!

1 —30H7; 2 — KaHTUIEBED; 3 — MbE303JIEMEHT (CKaHep); 4 — HICTOYHHK
MEPEMEHHOT0 HAIPSHKEHMSI, CO3/IAI0IUI BBIHYKICHHbIE KOJIEOaHUsI CUCTEMBI;
5 — UCTOYHMK J1a3epHOTO U3IYUYEHUS; 6 — YeTHIPEXCEKIIUOHHBIN (HOTOANO/T;
7 — CHHXPOHHBII JE€TEKTOP; 8§ — KOMIapaTop, CpPaBHUBAIOIINI

MOJIYYEHHBIN CUTHAJI ¢ OMOPHBIM; 9 — 11enb 00paTHOM CBS3U

Jlanee ¢ mMOMOIIBK0 CHHXPOHHOTO JETEKTOPA BBIACISACTCS IMOCTOSHHBIN
curHan V(t), mponopruMoHaIbHBIA aMIUTUTYyAE€ KOJeOaHWM KaHTWIeBEpa Ipu
CKaHUPOBAHWUM, COTJIACOBAHHBIM C CHHXPOHHBIM CHUTHAJIOM OT TE€HEpaTopa
HaIPSDKEHUH, TOMAONIMMCS Ha MbE30KepaMHUKy, C TeM, 4TOObl pacKauuBaTh
KaHTWIECBEP C €ro Pe30HAaHCHOW 4yacToTor. KoMmaparop cpaBHHMBAaeT TEKYyIIUU
CUTHAJI B I[ENM C M3HAYAIBHO 33JIaHHBIM Vo, M TIPU €T0 OTKJIOHCHUH BBIPaOATHI-
BAcT KOPPEKTUPYIOIMUI CHIHAN V. B3auMoneicTBHe 30HAA ¢ 00pasnom

MOAACPIKUBACTCA ITOCTOAHHBIM 3d CUHCT HpI/I6J'II/DK€HI/IH 1 O0TBOJa 30HOa OT IIO-
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BEPXHOCTU CHUCTEMOU oOpaTHOU cBsizu. OOpaTHasi CBsSI3b OTpPa0ATHIBAET U3MeE-
HEHUE TOJIOKEHHUS 30HJa, YIPaBiss MbE30MPUBOJIOM TaKUM O0pa3oM, YTOOBI
cuja MEX]Jy 30HJOM U 00pa3lioM ObljIa MOCTOSHHOM (PEKUM MOCTOSIHHON CH-
ab1). CurHan o BbICOTE Z B KaXJ0W TOUKE M300pakeHus (X, y) Oepercs u3 ka-
HaJIa Z-TIbE30IPUBO/IA.

Takum oOpazom, misg GOPMUPOBAHUS HM300paKEHUS B KOJIeOATEILHOM
pEXKMME CKAaHUPOBAHUS OINPEIEIAIOTCA: U3BMEHEHUE AMIUIUTYAbl WM U3MEHE-
HUE PE30HAHCHOM YacTOThl KojcOaHui. JleTeKTupoBaHuEe aMIUTUTYAbl OOBIYHO
UCIIOJB3YETCS ISl BBICOKOAMIUIUTYAHBIX KoJieOaHUM (HeXeaaTeabHO JJIsl MC-
CJIIOBaHUs OMOJIOTUYECKUX OOBEKTOB), TOTJA KaK JIETEKTUPOBAHUE PE30OHAHC-
HOM 4acTOTHI KOJIeOAaHUH MPH OTHOCUTEIBLHO MaJIOW aMIUIUTY/IC WIIH IPU HEOO-
XOAUMOCTH BBICOKOM YYBCTBUTEIBHOCTH — JJISI TOAACPKAHUS YCTOUUUBOU CH-
cTeMbl 00paTHOU cBsi3u. bosee moapoOHO husMdecKkre OCHOBBI (POPMHUPOBAHMS
KOJIeOaTeNbHBIX MPOIECCOB B PEKUME MPEPHIBUCTOTO KOHTAKTA U METOJbI Ma-
TEMATHYECKOM OILIEHKUA BO3ZHUKAIOIINX KOJieOaHuii omrcansl K kaure B. JI. Mu-
poHoBa [8] u B anekTpornHoM nocodbuu U. B. SAmunckoro [9].

[Tockonpky B KOJEOATENHbHOM pEXUME CKAHHUPOBAHHMS KOHTAKT 30H]A
U 00pa3la MUHUMU3ZUPYETCS, MOXKHO HCIIOIb30BATh 30HbI C OOJBIINM KO3 (-
dunmentom ympyroctu. OQHaKO B MPaKTUKE OMOJOTMYECKUX MCCIIEIOBaHUM,
KaK MPaBUJIO, CIIMIIIKOM KECTKHE» 30HJbl HE UCMOJIb3YIOTCS HU JJISI KOHTAKT-
HBIX, HU JIJI1 PE30HAHCHBIX PEKUMOB CKaHUpOBaHMs. [10CKOIBKY KoJeOaTeb-
HBII PEXXUM CKAaHUPOBAHUS MO3BOJISIET CYLIECTBEHHO YMEHBIIUTh BO3JICUCTBUE
30HJa Ha oOpasell, 3TOT PEXUM HUJACANCH I UCCIAEAOBaHUS OMOJIOTMYECKUX
U MEIUIMHCKUX OOBEKTOB, KOTOpPHIC OOJIAal0T TaKUMH «HEXEIATEIbHBIMI
JUIsl aTOMHO-CUJIOBOM MHUKPOCKONHUHU CBOMCTBAMH, KaK 4Ype3MepHasi MSTKOCTb
U «JUNKOCThY. KonmebaTenpbHbI pexuM CeayeT BrIOMpaTh U B CIydae CKaHU-
poOBaHMsI 00Pa3LOB C BBICOKOW TBEPJOCTHIO, HAIPUMEDP MaTEpPUATIOB JJIsI U3rO-
TOBJICHHSI UMIUJIAHTOB, MTOCKOJIBKY B JJAHHOM CJIy4a€ CHUYKAETCSl PUCK 3aTyIlIe-

HHUA U ITIOJIOMKH 30HAA.
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Peoxcum ¢pazosoco konmpacma

OnHoil U3 pa3sHOBUIHOCTEH PE30HAHCHOIO PEKMMa CKAHUPOBAHUS SIBIIS-
eTcsi pexkuM (Ha30BOro KOHTPACTa, KOTOPHIA YUUTHIBAECT BEJIMUUHY cABUTra (as.
Ecnu oTaenbHbIE YYacTKH MOBEPXHOCTH MMEIOT pa3juyHble CBOWCTBA (ympy-
rue, aJICOPOIMOHHbBIC U T. 1I.), TO U300paxeHue OyAeT UMETh JOMOJHUTEIIbHBIM
KOHTPACT, 3aBUCSIIMN OT MPUPOILl MaTepuaia oopas3ia Ha pa3InYHbIX y4acT-
kax. OH mposBisgercs B u3MeHeHuu ¢aspl kosnedanuii 30H7a. [Ipu KoHTaKTe
c 0oJiee TJIOTHBIM U KECTKUM OOpa3IOoM MPOUCXOAUT 3HAYUTEIbHOE JAeMII(U-
pOBaHUE aMIUIUTY/IbI KOJIeOaHU 30H]1a, HO U3MEeHEHHUE (Da3bl KoJieOaHU HE Tpo-
ucxoauT. B ciyyae koHTakTa ¢ MSTKUM (TIOJ@TJIMBBIM) OOpaslioM, y KOTOPOIO
BBIIIIE aJICOPOIIMOHHBIC CBOMCTBA, CHIYKAETCSI HE TOJBKO aMIUIUTYy/1a KoJeOaHui
30H/1a, HO M BO3HHUKaET cABUT ¢a3bl (puc. 30).

[Ipu KOHTaKTE 30HJA C JKECTKOM MOBEPXHOCTHIO aMILIUTYy/Aa KoJeOaHUi
KaHTUJIEBEepa yMeHbIaeTcs, HO (a3za octaercs HeusMeHHou (puc. 30, a); npu
CKaHUPOBAHUU MOBEPXHOCTU C BHICOKMMU aJCOPOIIMOHHBIMU CBOMCTBAMU TIPO-
UCXOJIUT HE TOJIBKO YMEHBIIICHUE aMIUTUTY bl BIHYKIEHHBIX KOJICOaHUM KaH-

TUJIeBepa, HO U ¢aBUT ¢assl (puc. 30, 6).

YMeHblUeHHa aMIAHTY b
6ea caeura thasnl

BuHypeHHsie konebakus
KaHTHnesepa

|

C_nBHr hasnl

Puc. 30. Casur ¢a3 npu CKaHUPOBAaHUHM 00PA3IIOB C KECTKOW MOBEPXHOCTHIO (a)

U C IOBEPXHOCTHIO C BBICOKOU ajicopOuueii (6)
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[Tockombky meTexkTupoBaHue (pa3bl KOJICOAHMA TIPOUCXOAUT OTHOBPEMEHHO
C IMOJIy4E€HUEM TOTorpaduu MOBEPXHOCTH, TO U3 CPABHEHHUS aMILTUTYIHOTO U ¢a-
30BOT0 M300paKEHUM MOYKHO TIOJy4UTh MH(pOpMaIHio o (pa3oBOM cocTtaBe oOpas-
na. Harmpumep, Ha puc. 31 npencraBieHbl H300pa’keHrEe MOBEPXHOCTA TUTAHOBO-

ro 3yOHOT0 UMILIaHTa U U300pakeHUE, CHATOE B pexuMe (ha30BOro KOHTpACTa.

MKM MKM
65,63

32,81

F A 1
0 32,81 63 MKm
a 4]

Puc. 31. Tonorpadpuueckoe n300pakeHUe ydacTKka

TUTAHOBOTO 3yOHOTO UMILTAaHTA (@); (Pa30BO-KOHTPACTHOE U300paKeHue,

TI03BOJIMBLIEE MAECHTH(OUIMPOBATH MOPHCTYIO CTPYKTYPY MMILIAHTA (6)

Ha xaptune ¢a3oBoro KOHTpacTa 3aMETHO, YTO TOBEPXHOCTh THUTaHA
UMEeT TIOPUCTYIO CTPYKTYpYy. DTO HEOOXOAMMO JIsl BpacTaHMSI KOCTHOW TKaHM
B UMIUTAHT. MeTo/ (a30BOTO KOHTpACTA MO3BOJISIET MOMYUYaTh IIEHHYIO JOTOJI-
HUTEIBHYI0 MH(POPMAIMIO O KOHTPACTHBIX CBOMCTBAX MHOTHX, B TOM YHUCJE
U OPraHUYECKUX, MAaTEPHAJIOB.

[Ipu ckaHmpoBaHMM B KOJIeOATEIBHBIX PEXHMaX IOJE3HO COOJIOIAThH
CIICYFOIIHE MpaBuIIa.

1. Ucronp30BaTh KaHTHUIIEBEPHI C BBICOKOW KOHCTAaHTOM YIPYTOCTH, YTO
MO3BOJIUT TOACPKUBATH CTAOMIIBHOCTh CHUCTEMBI TIPH Majioil BO30YKIaroIiei
aMIUTATYIC.

2. IlonBoamMoe K cucTeMe HampsiKEHUE HE JOJDKHO CHUIILHO YBEIUYHBATH
aMILUTATYIy KoJIeOaHWH 30H/a — B HJealie aMIUIUTy1a KOJIeOaHUH JTOJDKHA T0/1-

JepKUBATHCSI HA YpoBHE 10 HM.
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3. HacToTa BBIHYXJAIOMIUX KOJEOAHWN MOKHA OBITh HPUOIU3UTEITHLHO
Ha 100 I'm BeImIe, yeM pe30HAHCHAs 4aCTOTa KAHTWIEBEpPA. JTO TAPAHTUPYET
CBOEBPEMEHHBIN OTKJIMK CHUCTEMbI Ha 3aTyXaHHE aMIUIUTYAbl KOJEeOaHUN IpH
npUOIMKEHUH 30H/1a K TIOBEPXHOCTH.

4. lnana3oH CKaHUPOBAHMS JOKEH ObITh HEOOJBIINM JUIsI BO3MOKHOTO
yYMEHBLIEHUsI Nepenaja BbICOT Ha Bcell oOmactu ckanupoBaHusi. Kpome toro,
yYMEHBLIEHUE Malla30Ha CKaHUPOBAHUS MPEIOCTABIISIET BO3MOKHOCTh CHIKATh
CKOPOCTb JABWKEHHUS 30H/AA MO MOBEPXHOCTHU, YTO JENAET CUCTEMY Ooliee cTa-
OUJIBHOM 1 TO3BOJIAET UIAECHTU(DULIIMPOBATH Ja)Ke MUHUMAJIbHBIEC AETAaU HA T0-

BEPXHOCTH aHAIIM3UPYEMOT'0 0OBEKTA.

Dopmuposanue ACM-uzobpasicenuti

[Ipu ckaHUpOBAHUU 30H]I TIOIIATOBO JABUTAETCS MO MCCIIEAYEMO MOBEpX-
HoCcTH. MHbopMmalus, mosydeHHass OT TaKOTo MPOX0Ja, XPaHUTCA B BUJE ABY-
MEpHOW MaTpuilbl (MaccmBa), KOTOpas MOXKET ObITh TpaHCPOPMHUpPOBAHA Kak
B 2D-, Tak u B 3D-m300paxkenne. KoneuHo, i1 OMOJTOTMYECKUX MCCIIeTOBaHUN
yaoOHee ucroiab3oBaTh 3D-n300pakeHuss. GU3NYECKUN CMBICI YUCEST MATPUIIBI
onpenenseTcss TOM BEJIMYUHOM, KOTopas ouu(dpoBbIBaIach B MPOIECCE CKAHU-
poBanusi. Hampumep, 3To BennurHa U3ru0a KaHTUJIEBEPA B KOHTAKTHOM PEXH-
M€ WIH aMIUIMTyJa KoJieOaHUil B p€30HAHCHOM peXUMeE U T. 1. Janee nmpou3sBo-
JTUTCS TIEPEBOJ] TTOJTYYEHHON MATPHUIBl B BHU, YAOOHBIN Jyisi Bocmpusitus. s
ATOTO TOJIYYEHHBIH MAcCCHB MEPEBOJAT B PAaHTH OT MHUHUMAJIBLHOTO IO MAaKCH-
MaJIbHOTO 3HaueHus. KakJoMy 3HAYE€HHIO CTaBUTCS B COOTBETCTBHUE OIpeje-
JICHHBIN 1[BET Paay>KHOU (BUAMMON) LIKaJbI, T. €. BBICOTA KaXKJIOM TOUKHU Mepe-
JAETCsl OMPEICICHHBIM [IBETOM (MJIU SIPKOCTHIO). J{OMOTHUTENbHBIE IPEUMYIIIE-
CTBa JIAIOT MOJIEIUPOBAHUE OOKOBOW, TOUEUHOM U JAPYrUX CHOCOOOB MOJACBET-
KM, TTOBOPOT TOJy4aeMOro u300pakeHusi Ha pa3Hble YIJIbl U JIPyrie BapUaHThI

paboThI C OOBEKTOM.
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[IporpammHoe oOecrieueHue, pazpadaTbiBaeMoOe [JIi aTOMHO-CHIJIOBBIX
MHUKPOCKOIIOB, TIPEAYCMATPHUBAET BO3MOXKHOCTD MOCJEAYIONMIEH KOPPEKIIUH T10-
Jy4aeMbIX U300paKeHUHN (HarpuMep, BHIYMTAHUE CPEIHETr0 HAaKJIOHA MOBEPX-
HOCTH, MEJIMaHHYIO0 (DUIBTPAIIMIO, YCPEIHEHHE, TTOBBIIIEHHE KOHTPACTHOCTH 32
c4eT OOKOBOM MOACBETKH W T. 1.). Kpome Toro, ucnosnb3zoBanue 3D-u3o6pa-
KEHUH, OTy4YeHHbIX MeTo1oM ACM, no3BOISET ONpPENEIATh JUHEUHBIE TTapa-
METpHI (JUTMHY, IIUPUHY, BEICOTY) OMOJOTHYECKUX 00OBEKTOB C BRICOKON TOYHO-
cTht0. [logpoOHO BapuaHThl 0OPAOOTKHU U300PAKEHUM MOKHO U3YUUTH MO KHU-
ram B. JI. Muponoga [8] u C. H. Ilneckona [10].

2.3. OCOBEHHOCTH CKAHUPOBAHMA B )KUJKOCTH

OngHUM ¥ OCHOBHBIX (PM3WYECKUX MPEUMYIIECTB METOAA aTOMHO-CHUJIOBOU
MHUKPOCKOIIMH SIBJISIETCSI TO, UYTO OHA HE UMEET OTPAaHUUYCHUU MO CpellaMm, B KO-
TOPBIX MOXHO UCCIe0BaTh 00pasibl. OOBEKTHl pacCMaTPUBAIOT U B BaKyyMe,
Y B BO3JIYIIIHOM Cpefie, U B KUIAKOCTU. [I0CKOJIbKY OCHOBHBIM YCIIOBUEM U3YUYEHUS
HATUBHOM CTPYKTYPBI OCJIKOB, APYTMX OPraHMYECKHX MOJIEKYJ U TeM OoJiee Kie-
TOK SIBJISICTCSI TIpeObIBaHNE B (PM3HMOIOTMUECKUX PAacTBOPAX, TO aTOMHO-CHJIOBAs
MHKPOCKOIIHS SIBJISIETCA MPAKTAYECKU €IWHCTBEHHBIM METOJIOM, KOTOPBIM IIpH
COXPAHEHUU BBICOKOUW CTEMEHU MPOCTPAHCTBEHHOTO Pa3pELICHUs MPEIOCTABIISAET
TaKyl0 BO3MOKHOCTh. B3auMoeiicTBiE MEX Ty 30HI0M U 00pa3IioM B BO3IYIIIHOMN
Cpeie OTpeAeIIIeTCS B OCHOBHOM CJICTYIOIIUMH ONM3KOACHCTBYIOIITMMH CHIIAMH.

1. OcHOBHOM BKJaJ BO B3aMMOJICHCTBHE 30HJAa M 0Opaslia BHOCAT BaH-
JI€p-BaaIbCOBBI CUJIbI TPEX THUIIOB:

— MOCTOSIHHOE JAUIOJIb-IUMNO0JIbHOE IPUTSIKEHHUE;

— CWJIbl IPUTSHKEHUSI B CUCTEME IIOCTOSIHHBIM JAUIOIb — UHIYIUPOBAaH-
HbBIN TUIIOJIbY;

— B3aWMOJICCTBHUE MEXKJYy MTHOBEHHBIM JMUIIOJNEM U WHAYIHWPOBAHHBIM
JIATIOJIEM, KOTOPOE€ HA3BIBACTCSA TAKKE JIUCIEPCUOHHBIM MPUTSHKEHUEM WU

JJOHAOHOBCKHMMHU CHUJIaMH,

75



2. bonpuioe BIUsSHUE HA B3aUMOJICHCTBHE OKAa3bIBAKOT CBOMCTBA CKAHUPY-
€MOM MOBEPXHOCTHU. B 4acTHOCTH, €Clid U MOBEPXHOCThb, M 30H]I HEMOJISIPHBI,
TO MEXIY HUMH BO3HHMKAIOT CHJIbI THAPO(POOHOTO B3aMMOICHCTBUS, KOTOPHIC
YMEHBIIIAIOTCS C YBEIMUYEHUEM PACCTOSIHUS «30H]T — 00pa3er.

3. buonornueckue MOBEPXHOCTH, KAK U MHOTHE JIPyrUe, HA BO3JyXe MO-
KPBIThl TOHKOW TMJIEHKOM, aJcOPOMPOBAHHON HAa TMOBEPXHOCTH BOJBI. ITO 00Y-
CJIOBJIMBA€T BO3HMKHOBEHME MEHMCKOBBIX WJIM KaMWUISIPHBIX «YJEp’KUBAIO-
IIUX» CHUJI.

4. B ciyyae, eciu ¥ 30H/]I, U TOBEPXHOCTh 3aps’KEHbI, MEK1y HUMHU MOTYT
BO3HUKATh UCTUHHBIC NOHHBIE B3aUMOACHCTBUS.

Xapaktep ¥ CUITy B3aUMOJICHCTBHI MEXKIy 30HIOM U 00pa3lioM MOKHO
U3MEHATH, a MIOCKOJIBKY M3MEHSITh OMOJIOTHYECKUI 00pa3ell Hellesiecoo0pasHo,
TO U3MEHSIOT FT€OMETPUIO U XUMHUYECKUI cOCTaB 30H1a. Hanmpumep, MOkHO Me-
HATH YTOJI IPU BEPIIMHE 30H/1a, U3MEHSTh €ro JJIMHY, (OpPMUPOBATH JOTOJIHU-
TEJIbHBIE TTOKPBITUS U T. 1.

[Ipu ckaHMpoBaHWYU B KUJIKOCTH, OCOOCHHO B COJIEBBIX PACTBOpAX, Xapak-
Tep B3aMMOJCWCTBHS 30HAA U 00pasiia CYIIECTBEHHO M3MEHSETCS, B YaCTHOCTU
MOJIHOCTHIO CHUMAETCSI BIIMSIHUE KAMWUIIPHBIX CHUJI, & BHIOOp PE30HAHCHBIX pe-
KMUMOB CKaHUPOBAHUS MUHUMU3UPYET ACUCTBUE JIaTepalibHbIX cuil. C 3TOM TOY-
KU 3pEHUS BO3/ICHCTBUE HAa OMOJIOTUUECKUI 00pasell sIBIsieTCs: 6oJiee MM,

Ha niepBblii 11aH BBIXOIAT BOJOPOIHBIE CBA3M, BOZHUKAKOLINE MEXIY aTo-
MOM BOJIOpOJa U JIFOOBIM 3JIEKTPOOTPHULIATENIbHBIM aToMOM. B ciydae uccieno-
BaHUs OMOJIOTUYECKUX O0OBEKTOB B KAYECTBE JIEKTPOOTPUIIATEIILHBIX 2JIEMEHTOB
(bUrypupyoT B OCHOBHOM KHCIJIOPO/I, @30T U cepa.

ITockonbKy mIsI MOAIEPXKAHUST HATUBHOCTH CTPYKTYpPbl CKAaHUPOBAHHE
OOBIYHO TIPOBOJUTCS B pacTBOpax (B mpocteiem ciydae B 0,9 % NaCl), 60mb-
10€ 3HaYeHUE MPUOOPETAIOT CUIIBl HOHHOTO B3aUMOICHCTBUSI.

Biusinue Ha rUIpoAMHAMHYECKYIO CUCTEMY OKa3bIBAIOT BA3KOE CMayMBa-

HUE U Kommpeccus. Bsizkoe cMauumBanue yBeauduBaeT 3(P(GEKTUBHYIO Maccy
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30H]1a, YTO OTPAKAETCS HA XapaKTepe PE30HAHCHBIX KOJEOaHU: YacTOTa KOJie-
OaHUl yMEHBIIIACTCS, a PE30HAHCHBIN MUK yIupseTcs. Bece 3To oTpuiiarenbHo
CKa3bIBAE€TCSl HAa IOOPOTHOCTH PE30HAHCHOTO KOHTYypa Q, KOTOPBIA pacCUUTHI-
BAETCS U3 COOTHOIICHUSI

Q=-2, (3)

AQ

raie Q — HOOpPOTHOCTh PE30HAHCHOTO KOHTYpa; Wy — PE30HAHCHAs YacToTa;
AQ) — mMprHa pe30HAHCHOTO MUKA.

[TockoJIbKY ®¢ B )KMJAKOCTU 3HAUYUTEIIBHO yMeHbIaeTcs, a ALY, HapoOTuUB,
BO3pPACTAET, TO OYEBUIHO, YTO JOOPOTHOCTH PE30HAHCHOTO KOHTYpa, KOTOpas
OTBEYAET 32 YYBCTBUTEIBLHOCTh CUCTEMbI U CKOPOCTh OTBETa OOpATHOU CBSI3H,
CYILIECTBEHHO CHUXaeTcsl. J|edCTBUTENbHO, €CIIN AJIsI CKAHUPOBAHUS B BO3yIII-
Hol cpene Q cocrapiser nopsiaka 100, To B xuakoctu Q magaet 1o 2-3. Kpu-
TUYHOE CHUKEHHUE JOOPOTHOCTH PE30HAHCHOTO KOHTYpa MPUBOJUT K TOMY, UTO
cucteMa OOpaTHOW CBSI3M HE YCIIEBAaeT OTpadaThIBaTh CUTHAT W IPOBOIAUTH
CBOEBPEMEHHYIO KOPPEKIUIO Kojebanuil. Pe3yapTaTtoM Takoro 3amas/iblBaHUs
MOXKET SBJISITHCSl pa3pylIeHUE KJIETOK WA APYTHUX OMOJIOTHYECKUX O0OpasIoB.
[Ipu nanpHeiiem cHukeHn Q MOBPEkKIAETCS U 30H/I.

Bo3HuKHOBEHHE KOMIPECCHOHHBIX/OTTATKHUBAOIINX CUJT O0YCIOBIICHO
npyrum siBieHneMm. Kak mpaBuiio, paauyc 3akpyrJjieHHs BEpPIIMHBI 30H/A MPU
WCCIICIOBAHUM JKUBBIX KJIETOK JIOJKEH OBITh JOCTaTOYHO OoJibiuM. [Ipu nBu-
KEHUM 30HJAa K MOBEPXHOCTHU KJIETKH OH HAaYMHAET COKUMATh >KUJIKOCTh Ha JIO-
KAJIbHOM YYaCTKE MOBEPXHOCTH MEXIY 30HJOM U KJIETKOW, OJHAKO >KHIAKOCTH
IJI0XO CKUMAEMbI, IO3TOMY Ha 30H]] HAUMHAIOT JIEMCTBOBATh OTTAJIKHUBAIOIINE
cuibl (puc. 32, 33).

[Torpyxenue 30H7a B )XKUAKOCTh JIOJKHO OBITH JIOCTATOYHO MEJJICHHBIM,
YTOOBI CHU3UTH CUITy KOMIPECCUU (CHKATUS) KUIKOCTU MEXKIAY MOBEPXHOCTHIO

30H7a U TTOBEPXHOCTHIO oOpasna (puc. 32). [Ipu HapacTaHUM KOMIIPECCUU CHJIa
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OTTAJIKMBAHHA CO CTOPOHBI KHUJAKOCTH TAKIKC BO3PACTACT, BHOCA KOPPCKTUPOB-

KM BO B3aUMOJICHCTBHUE 30H]1a U 00pasIia.

Puc. 32. Pe3ynpTaT cokaThs )KUIAKOCTH B MECTE€ KOHTAKTa 30HJa U 00pas3ua

10

BI.

= (=11
T T

Brskocts, MNa

M3
T

0 . : : : =
0 10 20 30 40 50

JHCTaHLHA MENRY 30HAOM H 0Bpaztom, Hm

Puc. 33. KpuBas cuibl, 1eMOHCTpUpPYIOIIas pe3KOe BO3pacTaHUeE

BSI3KOCTH JKUJKOCTH TPU MPUOIMKEHUH 30H 12 K 00pasiy

JlononHuTenbHbIE MPOOJIEMBbI CO3AAIOT PE30HAHCHBIE PEXKUMbI CKAHUPOBA-
HUSI, TIOCKOJIbKY KOJICOaHMsI 30H/1a BBI3BIBAIOT MOSBIICHUE HEXKENATEIBHBIX aKy-
CTHUYECKHX BOJIH MEXIY 30HJOM U TIOBEPXHOCTHIO OMOJIOTMYECKOTO OOBEKTa.
Jeno B ToM, 4TO ympyras KJieTKa OTpakaeT BOJIHBI, KOTOPbIE MPUXOIAT HA HEE
U3-3a KoJIeOaHUI KaHTUJIEBEpa, B TO K€ BPEMs 30H], IPUOIMKASICh K TIOBEPXHO-
CTH KJIETKH, HU3MEHSET aMIUIMTYJHO-YaCTOTHBIE XapaKTEPUCTUKHU KOJICOaHUI
KaHTwieBepa. [103ToMy BOJIHBI, OTpaKEHHBIE OT KJIETKH, U BOJHBI, 00pa3yroIIu-
ecsi OT KoJieOaHUM KaHTUJIEBEpa HAa HOBOW 4YacTOTE, HAKJIAJbIBAIOTCS JPYr Ha
Ipyra. JTo MOPOXkIaeT HOBBIE HeXelaTelbHble BO30YXKIIEHUS B PETUCTPUPYIO-

mien CUCTCMC, CHMKAOIINEC 9YBCTBUTCIIbBHOCTD IIPH l'IpI/I6J'II/I)KCHI/II/I K 06pa3uy.
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[Tockonbky HaOMIOIEHNS 32 OMOJIOTMYECKUMH OOBEKTaMU BEAYTCS B yCIIO-
BUSAX, 00ECIIEUMBAIOIINX MAKCUMAIbHYIO COXPAHHOCTh OEJIKOB WJIM KIIETOK, TO
TeMIeparypa B TEPMOCTATUPYEMOU sTUEUKE, OCOOEHHO MPHU IJTUTEIBHBIX HAOIIIO-
NEeHUsX, noaaepxkuBaercs Ha ypoBHe 37 °C. Ho noagbem TeMiieparypsl BbI3bIBa-
€T TOSIBJICHUE TEMIIepaTypHbIX (DIyKTyaluid, KOTOpbIE€ BHOCST JOMOJHUTEIb-
HBII [ITyM B CUCTEMY, PACCOTJIaCOBbIBas OCHOBHOW CUTHAJL.

HepoBHOCTH OHONOTHYECKUX TMOBEPXHOCTEH BBI3BIBAIOT ACHMMETPHIO
KHUJIKOCTH, KOTOpasi OTpakaeTcsi Ha B3aUMOJICHCTBUH B CUCTEME «30HH — JKH/I-
KOCTh — OMOJIOTUYECKHI OOBEKT» U MOKET BBI3BATh IMOSBICHHUE apTe(aKTOB.
OmnpeneneHHyo KOppeKIUI0 BHOCUT U pa3Mep MOJIeKyJ kuakoctu. Hanpumep,
pE30HAHCHAs YacTOTa KaHTUJIEBEpa 3HAYUTEIBHO CMEILAETCs, €Cau HalJoae-
HUE IPOUCXOAUT HE B BOJIE, & B BOJIHO-CIUPTOBOM PacTBOPE.

OOBIYHO C LIEJIBI0 COXPAHHOCTU OMOJOTMYECKUX MPOO UX UCCIETOBAHUE
B JKMJIKOCTU MPOBOJUTCS C MCIOJIb30BAHUEM KOJIEOATENbHBIX PEKUMOB CKAHU-
poBanusi. Ho B TO jke Bpemsi CKaHUPOBAaHUE B KUIAKOCTH COMPSIKEHO C MOsBIIE-
HUEM JOTMOJHUTEIbHBIX TPYJIHOCTEH. B 4acTHOCTH, BO3HUKAIOT HEXEJIaTeNlb-
HBIC JOTMOJIHUTEIbHBIC BUOPAIMH, KOTOPhIE BHOCSAT BO3MYIIEHHUS B CTaI[MOHAP-
Hble KoJieOaHusi KaHTuieBepa. JKUIKOCTh OKa3bIBAET COMPOTUBIICHHE KoJieOa-
HUSIM KaHTHJIEBEpa, TaK KakK 3TO ropaszo Oosee Bs3Kas cpea, ueM Bo3ayx. Ko-
nebarenbHasi CUCTEMa CTAHOBUTCS 00Jiee UyBCTBUTEIBHONW K BHEIIHUM BO3ZCH-
CTBUSIM M3-3a PE3KOT0 CHUKEHUSI JOOPOTHOCTH PE30HAHCHOTO KOHTYpa Q.

[Ipy wuccrmenoBaHWM B BO3AYIIHON Cpele BHIOMPAIOTCS KAHTHIEBEPHI,
UMEIOIIUE TPU KOJEOAHMSIX Y3KUU (OCTpBIH) PE30HAHCHBIA MHUK. DTO TOBbI-
maet Q, CIEACTBUEM YETO SBISETCS YBEIUUYEHHUE YYBCTBUTEIBHOCTU CHUCTEMbI
Y YMEHBIIICHHE CHJIbI B3aUMOEUCTBUS ¢ 00pa3ioM. OJIHAKO B KUAKOCTH U3-3a
3HAYUTENBHOTO YBEITUYECHUS BS3KOCTH CpPEIbl U COMPOTUBICHUS KOJIEOaHUSIM
KaHTHJIEBEpA YYBCTBUTEILHOCTh CUCTEMBI CYILIECTBEHHO CHUXAETCS, a Kojeha-

HHA KaHTUJIICBEPA CTAHOBATCA HECTAOMJILHBIMH. OI[HI/IM N3 BAPHUAHTOB IIPCOJ0-
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JICHUST 3TOM MpOOJIeMbl SBISETCS J100aBICHUE B CUCTEMY OOpaTHOM CBS3U JO-
HOJIHUTENILHOTO (Q-KOHTpoJIIepa, KOTOPbIA OTCIEKUBAET CABUT (Pa3bl BBIHY K-
JEHHBIX KOJICOAHWI KaHTUJIEBEPA, YCUIMBAET CUTHAII pacXoxAeHus (a3 u mnojaa-
€T KOPPEKTUPYIOIIEE HAMPSHKEHUE HAa OCLMIUISATOP JJIA BO3BpalleHus (a3bl KO-
ne0aHull Mbe303JIeMEHTa K UCXOAHOMY ypoBHIO. KoHCTpykiusa Q-koHTposiepa
npelycMaTpUBaeT, YTO IMEpBOHAUYaIbHAs KOppeKuus (a3bl KojaeOaHuil mpouc-
XOJIUT, KOTJa 30HJ HE B3aHUMOJICUCTBYET C MOBEPXHOCTHIO. IIpu ckaHnpoBaHuu
B paboyeM pexxume cIBUT (a3 ¢ OJJHOBPEMEHHBIM YMEHBIICHUEM aMIUIUTY/IbI
KoJebaHuii HaOmrogaeTcss BOMM3M TMOBEPXHOCTH 00paslia, CUTHAI CUUTAETCS
MOJIE3HBIM M HE KOPPEKTHPYETCS B CHUCTEME OOpaTHOUW cCBsizu. OCHUILISALUS
KaHTHJIEBEPA B KUJKOCTU OOBIYHO MOPOKIAET MOSBICHHUE B KOJEOATEIHHOM
CIEKTPE JOMOJHUTEIIbHBIX (JI0KHBIX) MUKOB, KOTOPbIE MHOTIa CTOJIb BBIpAXKe-
HBI, YTO MACKUPYIOT UCTUHHBIN PE3OHAHCHBIN UK. B 3TOM cilyyae npuMeHeHue
Q-xoHTpoJiepa nmoMoraetr auddepeHupoBaTh CIEKTP U BHIOPATh UCTHUHHBIN
pe3oHaHcHbIM UK. OaHaKko Q-KOHTPOJUIEp MPUMEHSIETCS TOIBKO B TOM Cllydae,
€CJIM IETEKTUPYETCsl aMIUINTy1a KoyeOanuii. Eciyu B kKauecTBe OMOPHOTO CHUT-
Hajla BBIOMpAETCs] M3MEHEHHE YacTOThl KOJeOaHUW, TO MPHUMEHSIETCS ApPYroe
KOHTPOJIMPYIOLIIEE YCTPOUCTBO — Y3KOMOJIOCHBIM JETEKTOP, UCIIOJIb3YIOIIUN BbI-
COKOCTa0WJIbHYIO TTapaMeTPUUECKYI0 TIETII0 00paTHOM CcBsi3u. B HeM n3meHeHue
YaCTOThI OCHWJUISIINY IETEKTUPYETCs Kak u3MeHeHue (a3bl OCIMILUIALNY, a Ja-
Jee y3KOMOJIOCHBIM JETEKTOp paboTaeT Kak cTaHAApTHBIA Q-KOHTpOILIEP.

Takum o0pazom, naxe paboTas B KUJIKOCTH, MOKHO TMOJIy4aTh M300pa-
KEeHUs1 OMOJIOTUYECKUX OOBEKTOB C BBICOKUM paspeuieHueM. [ns coxpanenus
KauecTBa MOJIy4a€MOro CUrHajla HE0OXO0IMMO 3HAUYUTEIIbHO CHUXKATh aMILIUTY-
Ty KojebaHuil kaHTuieBepa (OHa JOJKHA OBITh MEHBINE | HM) M yMEHBIIATH
YPOBEHb IIyMa CEHCOPHOIO 3J1eMEHTa (OCHOBHOM BKJIAJ B HETO BHOCST TEMIIE-
paTypHble GIyKTyaluu). 3HaYUT KOPPEKIUI0 JOOPOTHOCTH MOYKHO MPOBOJIUTH

HC TOJBKO BHOCA KOHCTPYKTHBHBIC IIOIIPABKHU B CUCTCMY O6paTHOﬁ CBs3H, HO
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U U3MEHSSI MEXaHUYECKUE y3JIbl CHCTEMBI, HAallpuMep, Bapbupys GpopMy U pas-
Mepbl KaHTUJIEBEPOB WJIM BbIOHMpas KBApLEBbIE CEHCOPHI C OOJbIIEH Maccoil,
yeM 3¢ (HEeKTUBHASI Macca )KHIKOCTH.

Eume onHa mpo6sieMa, BO3HUKAIOIIAs MPU CKAaHUPOBAHUU B KHUJKOCTH,
CBSI3aHA C TEM, YTO MPHU KOJIEOAHUSAX KaHTUJIEBEPA B JKUJKOCTH MHIYLIUPYIOTCS
KOJICOaHUsI caMOM JKHUJIKOCTH (aKyCTUYECKHE KoJieOaHus). DTH BOJHBI MHTEP-
bepupyloT ¢ COOCTBEHHBIM KOJI€OAHHEM KaHTUJIEBEPA, BBI3bIBAS IOSBJICHUE
JOTIOJIHUTEIBHBIX PE30HAHCHBIX IMHKOB, CHIKAIOUIMX OOIIYI0 YYBCTBUTEIb-
HOCTb CUCTEMBI. [103TOMY M camMa KOHCTPYKUUS HKUJIKOCTHOW SYECUKH JOJDKHA
ObITh TAKOW, YTOOBI CBECTU K MUHUMYMY BO3MO>XHOCTh «HABEJEHHBIX» KOJe-
O0anuil xuakoctu. [lpu CkaHUPOBAHMM B KUAKOCTH B PE30HAHCHBIX PEXUMAax
OMOJIOTUYECKUX OOBEKTOB HE MEHBIIYI0 3HAYMMOCTh NMPUOOPETAET U 3HAYU-
TeJIbHBIN nepenas BbicoT. CKaHUPOBAHUE B 3TOM cllydae, HalpuMep, Mpu nepe-
X0Jie U3 00JaCTH pacIlaCTaHHOM IIUTOIIa3Mbl B 00J1aCTh Spa CONMPOBOKIACT-
Csl TIOSIBJICHHMEM HECTaOMJIbHOCTH KOJIeOaHUN MM Jake MPUBOJIUT K MOJHOMY
3aTyXaHUIO OCHWIISIUU. TO MOXKET MPUBECTU K Pa3pyLICHUIO OMOJIOTHUYECKO-
ro oopasua. [[ns npenoTBpaiieHuss 3TOro sIBJICHUSI YaCTOTY BBIHYKIEHHBIX KO-
71e0aHUl HEMHOTO CBUTAIOT OTHOCUTENIbHO PE30HAHCHOM YaCTOTHI KAHTHUJIEBE-
pa, 9YTO MPUBOJUT K CBOEBPEMEHHOMY OTKIIMKY CHUCTEMbl OOpPAaTHOM CBSI3M Ha
pEe3KMil mepenan BBICOT, HO B TO € BpeMsl KaueCTBO M300pa)KeHHs IajgaceT
Y HEKOTOPbIE CaMbI€ MEJIKHE JETaIN OKa3bIBAIOTCSI HEOTOOPAKEHHBIMH.

Opnako, HECMOTpPSI Ha BCE TPYAHOCTH U MPOOJEMbI, KOTOPbIE BBI3HIBAET
Ha0JII0/IeHUE 32 OMOJOTUYECKUMU 00BbEKTAMU B JKUJIKOCTH, METOJ] OBICTPO Tepe-
1IeJ B pa3psijl CTAHJAPTHBIX, M HA CETOAHALIHUI MOMEHT MPAKTUYECKH HET OHO-
JIOTHYECKUX WM MEIULUHCKUX 00pa3loB, /sl KOTOPIX ObLJIO ObI BBEIEHO CTPO-
roe orpaHuyeHue Ha HaOmroAeHue B (pu3noiaoruyHon cpene. B Hacrosiiee Bpems
pa3peleHsl Mpo0JIeMbl, CBA3aHHBIE J1a)KE€ C BBICOKOCKOPOCTHBIMU HAOJIOACHUS-

MM 3a KUBBIMH OOBEKTaMHU METOJ0M aTOMHO-CHUJIOBOM MUKPOCKOITHH. AKTyaJ'IB-
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HOW 3a7jauell SBJISIFOTCSl TaKWe BUIOM3MEHEHHS] METOJUKH, KOTOPHIC MMO3BOJIMIN
OBl paccMaTpUBATh JIOKAJTLHBIC U3MEHEHHUS 3apsI0B Ha MOBEPXHOCTH B XOJC Me-
TabOJM3Ma U MPU BO3JICHCTBUN BHEIIHUX (DaKTOpOB. TeM He MEHEe HHTEPECHBIM
HaIlpaBJICHUEM SIBJISICTCS H3y4YeHHE THUIPOPUIBHO-THAPOGOOHBIX B3aUMO/ICH-

CTBUI B OMOJIOTMUECKUX 00pa3Iiax.

KoHTpOJ/IbLHBIE BONIPOCHI

1. @akTopsl BEIOOpA PEKUMOB CKAHUPOBAHUS.

2. IIprunHBI UCIIOJIB30BAHUS ITbE303JIEMEHTOB B CKaHEpaX 30HJO0BBIX MUK-
POCKOIIOB.

3. Ponb oOpartnoii cBsizu B C3M, (hakTopbl BEIOOpa MapaMeTpoB 0OpaTHOM
CBSI3H JIJI1 CBOEBPEMEHHOM KOPPEKIIMU CUTHAJIA.

4. dakTOpBl, BAUSIOUIUE HA BHIOOP KAHTUJIEBEPA 30HI0BOTO MUKPOCKOIIA.

5. JIOCTOMHCTBA U HEJOCTATKNA CKAHUPOBAHUSA B JKUIKOCTH.

6. OCHOBHBIE 3TaIlbl TPOOONOATOTOBKH.
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INPAKTUYECKHUE 3AJAHUA

B cooTBercTBUM € y4eOHBIM IJIAHOM BO BpEMSI M3YYEHHUS TUCHUILIUH
«buomeUIIMHCKNE HAHOTEXHOJIOTUN» U «30HAOBAas MUKPOCKOMUs» y oOyda-
IOIIUXCS MPETYCMOTPEHO NMPOBEICHUE MTPAKTUUECKUX 3aHATUN U BBIIIOJIHEHUE
B TEUECHHE CeMecTpa JomallHero 3agaHus. [Ipaktudeckue 3amaHusi Crocoo-
CTBYIOT MPUOOPETEHUIO HABBIKOB HCCIIEIOBAHUSI HAHOPA3MEPHBIX OUOJOTHYE-

CKUX 0OBEKTOB M MPOYHOMY YCBOEHHUIO TEOPETUUECKOTO MaTepuasa.

1. UccnenoBath Mopdosaoruueckre napaMmerpbl Jpoxokei mramMma (1o Ba-
pUaHTaM) METOJIOM aTOMHO-CHUJIOBOM MHUKPOCKONMH Ha 30HJA0BOM MHKPOCKOIIE
NTEGRA. O6pabotarh 3KcriepuMeHTalbHbIE Pe3ybTaThl. [ 3TOr0 OTKPHITH
orckanupoBanHoe C3M-u3zo0paxeHue B niporpamme Gwyddion:

® poBecTH 00pPabOTKY N300paKEHUS:

— BBIYECTh IUVIOCKOCTh 1-T0 MOpPsSAKa;

— yOpaTb ropu30HTaJIbHbIE HAPATIUHBI;

® paccyMTaTh KOJMYECTBO IIEJIBIX M MOBPEKICHHBIX KJIETOK HA Yy4YacTKe
30 x 30 MKMm.

JInst aHanu3a MOJyYeHHBIX HM300pakKeHUI MPOBECTH KOJIMYECTBEHHYIO Xa-
pakTepuzannio C3M-u3zo0paxennii. [lomydeHnbie pe3ynbTaThl COMOCTABUTH C JIU-

TepaTypHbIMU JaHHBbIMU. C/1€TaTh BBIBOJ O COCTOSTHUM OOBEKTA UCCIIEOBAHNS.

2. HarnsigHo npeacTaBuTh pa3Mep M MAcCy HAHOYACTUIL MOMOTAIOT MpPo-
nopunu. Hanowactuna guamerpom 10 HM BO CTONBKO k€ pa3 meHblIe X, BO
CKOJIbKO X MeHbIe 3emin (nuametp 3emiun — 12 700 km). Haitaure nuametp X.

[IpennoxxuTe CBOM BapraHThl OOBEKTOB X M3 TTOBCEIHEBHOM KU3HHU.

-1
3. Hanoanma3z auamerpom 5 HM Becut 2.3 - 10 ? . OH BO CTOJIBKO K€
24
pa3 jerue Y, Bo ckoyibko Y jerde 3emiu (macca 3emau — 5.97 - 107 kr).
Haiinute maccy Y. Ilpensioxure cBOM BapuaHThl OOBEKTOB Y U3 MTOBCEIHEBHOU

KHU3HU.
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4. Poccust — cTpaHa ¢ caMoil OOJIBIIION TEPPUTOPUEH, €€ TIIOIIaAb OIEHHU-

2 .
Baercs B 17,1 mian kM. UeMy paBHa macca rpadena takoi xe miomaau? Ecnu
BECh 3TOT rpad)eH MojydeH u3 rpaduToBOrO Ky0a, yeMy paBHa CTOpoHa Kyba?

HeoOxonumbie cripaBOYHbIE JaHHBIE HAWIUTE CAMOCTOSITEIIBHO.

3
5. Hanouactuupl 3010ta (mwiotHocts 19.3 r/cMm’) umeroT dopmy miapa
c nuametrpoMm 4 HM. Paccumraiite yaenbHyI MOBEPXHOCTh HAHOYACTHI] (OTHO-

2
IIEHUE TTOIA 1 TOBEPXHOCTH K Macce, M /T).

3
6. HanouwacTtuibl poaust (rotHocth 12.4 r/cMm’) umeroT GopMmy Kyda co
ctoponoi 20 HM. PaccuuTaiite yaeiapbHYI0 MOBEPXHOCTh HAHOYACTHI] (OTHOIIIE-

2
HUE TUIOLIAU TOBEPXHOCTHU K Macce, M /T).

7. UccnenoBath MOpQoIOTHYECKUEe TapaMeTPphl APOXOKeH mramma (1o Ba-
pUaHTaM) METOJOM aTOMHO-CHJIOBOM MHUKPOCKOIIMHM Ha 30HJOBOM MHKPOCKOIE
NTEGRA. O06pabotaTs 3KCnepyUMeHTaNbHBIE pe3yibTarhl. [ 3TOoro Heobxo-
JUMO OTKpBITh OTCcKaHupoBaHHOe C3M-uzoOpakeHue B IIporpamme
Gwyddion:

1) onpenenuth CpeiHUI AUAMETP KIIETOK;

2) ONpPENENUTh MO CEYEHUIO BIOJIb JUHUU CPEIHIOI BBICOTY KIJIETOK, MaK-
CUMaJIbHYIO0 U MUHUMAJIBHYIO BBICOTY KJIETOK;

3) onpenenuTh BAOJb JUHUM HAUOOJBIIUNA M HAUMEHBIIUM JTUAMETPhI
KJIETOK.

JUist aHanu3a MOJIyYeHHBIX U300pakKeHHI MPOBECTU KOJIMYECTBEHHYIO Xa-
paktepuzaruio C3M-uzo0paxenuit. [lomydennple pa3Mepsl KIETOK COTOCTa-
BUTH C JIUTEPATYPHBIMU JaHHbIMU. ClenaTh BBIBOJ O COCTOSSHUM OOBEKTa HC-

CJICAOBAHMU:.

8. B Mmonekyne ¢ymiepera Csq KaXIblii aTOM yriepojaa CBSI3aH C TPEeMs
IPYTUMH aTOMaMH U UMEET BAIEHTHOCTh [V. CKOJIBKO JBOWHBIX U OJUHAPHBIX

cBs3el umeetcs B mosiekyie Cr6? OTBeT 000CHYMTE.
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9. B HaHOTEXHOJIOTUSIX UCTIOIB3YIOTCA OOBEKTHI, Y KOTOPBIX XOTSI ObI OJIUH
u3 pazMepoB Haxoautcsa B AuanazoHe 1—100 uM. Cuuras, 4TO KpUCTaILT OpOLEC-
copa IJIOCKUM 1 umeeT pazmep 1,5 X 1,5 cM, a Ha HEM BIUIOTHYIO JIPYT K APYTY
pa3MelieHbl KBaJpaTHbIE TPAH3UCTOPBI, HANAUTE, KAKO€ MaKCUMaJIbHO BO3MOXK-
HO€ YHUCJIO UX MOXHO Pa3MECTUTh C MOMOIIbIO HAHOTEXHOJOTUH. COBpEMEHHBIM
MIPOLIECCOP TAKOro ke pazmepa coaepxkut 1.125-109 tpanzucropoB. Bo ckoibko

pa3 He0OXOAUMO YBEIMUUTH YKCIIO TPAH3UCTOPOB B Ipolieccope?

10. Beruucnure

(d _aa) _ea
pb-——C¢
1-b*

€CJIM U3BECTHO, YTO a — MOPSAIKOBBIM HOMEp yriiepoja B Tabnuiie MeHneneena;
b — oTHOCHUTENbHAS aTOMHAsI Macca yriepoa;
C — OTHOCHUTEJIbHASI aTOMHAsI Macca paguoyriiepoia;
d — KOIMYEeCTBO aTOMOB yTJIepo/ia B HANMEHBIIIEM M3 TEOPETHUYECKH BO3-
MOXXHBIX (DyJUIEPEHOB;
€ — KOJIMYECTBO MATUYTOIBHUKOB B dyiepere Cep.

Kak cBsi3aH nmosty4eHHbI pe3ysibTaT C HAHOTEXHOJIOTHUEH?

11. UccnenoBats MOpdoaoruueckre napamerpbl Ipoxoken mramma (1o Ba-
pUaHTaM) METOJIOM aTOMHO-CHUJIOBOM MHKPOCKOIHMM Ha 30HJOBOM MHUKPOCKOTIE
NTEGRA. O6pabotarh 3KCnepuMEHTaIbHBIE pe3yabTarhl. i 3TOro HeoOXxo-
JUMO OTKpPBITh OTCKaHMpoBaHHOe C3M-m300pakeHHe B INpOrpamme
Gwyddion:

e orckanupoBaHHoe C3M-u3o0paxkeHue npeacTaBuTh TpexMepHbiM (3D)
U CIeJaTh ONMCAHUE TOBEPXHOCTHU KIIETOK;

® UCIOJb3Ys TPAAUEHT 1[BETA, ONPEJACIUTh KOJIMYECTBO YPOBHEU, KOTO-
pble 3aHUMarOT KieTku. [Toka3arh KJIETKM BEPXHErO YPOBHSI, IPOAHAIM3UPOBAThH

COOTHOMICHHUEC YHCJIa KJIICTOK I1O0 YPOBHAM.
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JIist aHanM3a MOJIyYEHHBIX N300pakKeHH MMPOBECTU KOJMYECTBEHHYIO Xa-
pakrepusanuio C3M-u3zo0paxenuil. [lo 3D-Bu3yannzanuu npoaHaIu3upoBaTh
0COOEHHOCTH penbeda MOBEPXHOCTH U CPABHUTH UX C JUTEPATYPHBIMU JTaHHBI-
MU (ecnu Takue ecth). Kakue GpopMbl qpoxcKei XapakTepHbl sl Ballero 00-

pasna? Yewm onpenenstorcst hopma U pa3Mephl KIETOK?

12. Hanpui€HHast Ha MOJIOKKY TOHKAsl HAHOILJICHKA 30JI0Ta MPU HarpeBa-
HUW IUIABUTCA M PACHAZAcTCs Ha KaIulM, KOTOPBIE NMPH MOCIEIYIOIIEM OXJIa-

KACHUU 3aCTBIBAOT B BUAC C(I)epI/I‘IeCKI/IX HaHOKJIaCTCPOB.

.“xr * e s *a e @
hy S & 8 8 8 88 &
N & 8 B e F 5w
H & 8 & 8B B & & &
a 0
Puc. 1

e Ckonpko kanenb (N) oOpaszyercs Ha KBaJpaTHOW MOMJIOXKKE pa3MepoM
100 MKM, ecar Ha 1 HM® npuxoautcs 1.25- 10 kamens (c)?

e KakoBO paccTOsSIHHE MEXy LEHTPaMH KJIACTEPOB, €CJIIM OHU PACIOJIO-
KEHBI IPYyT OTHOCUTENIBHO JApyra Kak Ha puc 1, 6.

e Haiinute paguyc NoJy4eHHBIX KJIACTEPOB I (HM), €CJIM TOJIIMHA HC-

XOJTHOM TIJICHKHW paBHA 32 HM.

13. VYrneponnyto HaHoTpyOky (YHT) MoxHO 3anaTh OJHOM IMapoi Iie-
CTHUYTOJIbHUKOB Ha pacuepueHHOM JINCTE TpadeHa: I 3TOro HeoOX0auMo Ye-
pe3 ux 1eHTpsl (puc. 2, Toukn O U X, B3aMMHOE PACITOJIOKEHHE KOTOPBIX B
«CKOIIICHHOW» CHCTeME KOOPAMHAT 3aJaeTCs IBYMS HaTypalbHBIMU YHCIIAMH 71
U m) IPOYEPTUTH NEPIECHANKYISIPHO 0Tpe3ky OX muHUM pa3pes3a, BBIPE3aTh 10

HUM MOJIOCKY rpad)eHa 1 3aTeM COEUHUTD €€ Kpasi.
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Huxe npuBeneH npumep A «BBIKPOUKW» TpyOku c n =4 um = 3.
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e ComocraButh U300paxeHHbIM Ha puc. 2 moaensm YHT mapsl koopau-
HaT 7, m U3 CIEIYIOIINX BO3MOXHBIX BapuaHToB: (8, 2), (2, 8), (5, 5), (10, 0),
4, 7Yu(7,4).

e OpunakoBble win pasubie YHT 3amarorcs mapamu koopaunar (10, 0)
u (0, 10), a Taxxe (4, 7) u (7, 4)? Ecnu pa3zHble, TO MOSICHUTE, YEM OHU OTJIH-
YaroTcsl.

Jlist permeHust 3amadd HEOOXOAMMO W3 pacuepyeHHOTO JmcTa rpadeHa

caenars Mmoaens YHT, kak ykazano Ha puc. 2.
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14. ViccnenoBats MOp(oIorHUecKre mapaMeTpsl IpoxoKel mramma (o Ba-
pUaHTaM) METOJIOM aTOMHO-CHUJIOBOM MHKPOCKOIHUK Ha 30HJOBOM MHKPOCKOTIIE
NTEGRA. O06pabotarh 3KcnepUMEHTaIbHbIE pe3yibTarhl. i 3TOoro Heooxo-
JTMMO OTKPBITh OTCKaHupoBaHHoe C3M-m3o00pakeHue B IIpOorpamme
Gwyddion:

® OIPEACIUTH MOPSAKOBBIC BETUYUHBI:

— MAaKCHMAaJIbHYIO BBICOTY MHKA,

— MaKCUMAaJIbHYIO TJIyOMHY BHaJUHBI,

— IUIOLIAJb MIOBEPXHOCTH;

® 110 «CTAaTUCTUYECKUM (DYHKIUSIMY OMPEACIIUTh PACIPEICTICHUE BbICOTHI
KJIETOK.

JIyis aHanv3a MOMyYEeHHBIX M300paKeHU MPOBECTU KOJIWYECTBEHHYIO Xa-
pakrepuzaiuio C3M-uzo0pakenuid. [lomydeHHbie pa3Mepbl BBICOTHI KJIETOK CO-
MOCTaBUTh C JUTEPATYpPHbIMU JaHHBIMU. ClienaTh BBIBOJ] O COCTOSIHUM OOBEKTa

HCCJICOOBaHUA.

15. YcTaHOBUTH COOTBETCTBUE MEXAY HA3BAHUEM MHUKPOOPTaHU3MOB M HMX

U300paKEHUEM TI0]T MUKPOCKOTIOM.

a) KHCJIIOMOJIOYHBIC 6aKTCpI/II/I

0) ApoKKETOAOOHbBIE TPHOBI
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B) BUpPYC TabauHO MO3auKu
3
4 _
16. YcTaHOBUTH, K KAKOMY HAJIAPCTBY OTHOCSTCS MUKPOOPTaHU3MBbI.
1) npokapuoThI a) BUPYCHI
2) ByKapHOTHI 0) GakTepuu
— B) amEba
17. ConocTaBUTh NOHATUS U UX ONPEIECICHUS.
1. CamoBocIpou3BeIcHNE a) 00s13aTeNbHBIN OOMEH SHEPTHei, BEIIECTBOM
niu uHbopMaImen ¢ OKpysKaromiei cpeaon
2. OTKpBITOCTH 0) CBOIMCTBO MOJIEKYJIbI HE COBMENIAThHCS
B IIPOCTPAHCTBE CO CBOUM 3€PKAIbHBIM OTPAKCHUEM
3. 'omeocras B) CIIOCOOHOCTH JKMBOTO OPTaHU3Ma,
(KJIeTKH) K 00pa3oBaHHIO cede MoA00HOTOo
4. XupanbHOCTb I') CHOCOOHOCTh OTKPBITON CUCTEMBI COXPAHAThH
MIOCTOSTHCTBO CBOETI'O BHYTPEHHETO COCTOSIHUS
5. AcuMMeTpHs MOJIEKYJI _

18. PacmonoxuTh COCTaBISIOMIKE OMOJIOTMYECKOM CHCTEMBbI B MOPSIKE
YCJIOKHEHUS: MBIIIIEYHAs! TKaHb; JEUIINH (AaMUHOKHUCIIOTA); YIIepoa; MeMOpaHa;

BUPYC; O€IKH (IPOTEUHBI).
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19. BeiOpaTh 13 HUXKE MPEICTABICHHBIX 3JIEMEHTBI, BXOJISIINE B CUCTEM-
HO-UEPAPXUUECKYI0 OpTaHU3aIlMI0 KJIETKH: OpPraHelIbl, AP0, pacTeHUs, pudo-

COMBI, TKAHH, SYKapHUOTHI, OPTaHbI, IUTOIIa3Ma, TPUOBI, OPTaHU3MBI.

20. YCTaHOBUATH COOTBETCTBHUE MEXKIY CBOMCTBOM JKUBBIX OpPraHW3MOB

Y €r0 IIPUMEPOM.

1. CamoBoCIpOU3BEACHHE a) 0OOMEH BeIlleCTB U YHEPTUU

2. OTKpBITOCTH 0) mpaBo3akpydeHHas aBoiHas criupans JJHK
3. Pa3Butne B) 00pa3oBaHUE MOJOBBIX KIETOK

4. XupanbHOCTb ') TOMEe0oCTa3

Jl) OHTOTE€HE3

€) JIEBOBPAIIAIOIINECS] aMUHOKHCIIOTHI B COCTaBe OEIKOB

K) GOTOCHHTE3

3) BEreTaTUBHOE Pa3MHOKEHHUE PACTCHHIA

u) Quiorenes

K) JIbIXaHUE

21. OnHUM U3 YHUKaJIBHBIX CBOMCTB YIJIEPOJA, ONMPEACTSIONIAM €ro Me-
CTO B COCTaB€ JKUBBIX CUCTEM, SIBIISIETCS... (MPOJOKUTE MPEAJIOKEHUE OJTHON
u3 (ppas, MpUBEICHHOU HIKE):

1) ...mmpokas pacpOCTPaHEHHOCTh B 3€MHBIX YCIOBHSIX. 2) ...€T0 MECTO
B [leproanueckoii cucreme sneMeHTOB MeHeneeBa, CBSI3aHHOE € 3apsiioM aTo-
Ma. 3) ...cmocoOHOCTh 00pPa30BBIBATH MHOTOOOPA3HBIC JIMHEWHBIC U PA3BETBIICH-
HBIE CTPYKTYPBL. 4) ...CIIOCOOHOCTh BCTYMATh BO B3AUMOJICHCTBUS C KUCIOPOJIOM.

UTto, B CBOIO OUEpE/lb, OMPEACIISIET... (YKAXKUTE HE MEHEE JIByX BAPUAHTOB
OTBETA):

a) BOBMOXKHOCTh 00pa30BaHUsI BRICOKOMOJIEKYJIIPHBIX COCIMHEHU;

0) XUMHUYECKYIO aKTUBHOCTh OPTAHMYECKUX COCTMHCHHUI;

B) MHOT000Opa3ue OpraHM4eCcKuX BEIIECTB;

I[) IECPCHOC ITMTATCIIbHBIX BCIICCTB B OPraHU3MC.
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22. HanowacTtuiel cepebpa 001a1af0T TPOTHBOBUPYCHBIM JICHCTBUEM.
MoskHO 1 OJIOKMPOBATH BUPYCHI TPUIINA, U300pakeHHbIe Ha ¢oTorpaduu, mo-
JYYEHHOM Ha 3JIEKTPOHHOM MHUKpOCKore (puc. 3), BHICTPOMB W3 HAHOYACTHII
cepebpa 6apbep BeicoToi h = 10 HM u TommuHOM d = 10 HM? {1151 cTponTenb-

cTBa Gapbepa umeercs m = 10 ° Hr cepebpa (mmotHocTs 10,5 r/cm’). Bapsep

CTpOUTDH BAOJIb JIMHHMH, 0003HAaYCHHOM Ha pHC. 3.

Puc. 3

23. bakrepuu NMPUMEHSIOTCS JUIsl OXPaHbl OKpyKarouie cpenbl. Ha pucynke
NOKa3aHbl Pa3HbIE BOJIOEMbI C HEOOBIUHBIM LIBETOM BObl. JTO BOBCE HE TPS3b,
a pe3yJibTaT >KU3HEAEATEIbHOCTH OakTepuil! OTU OakTEepuUu OKUCISIOT HOHBI
ONPEACIICHHOIO METAJUIA U3 BOABIL, U IIPU B3aMMOJICUCTBAN C KUCIIOPOJIOM OH IIpe-

BpamacTCAa B HEPACTBOPHUMOC COCIMHCHHEC, KOTOPOC ONMPCACIICT IBET BOAOCMA.
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e O kakux OakTepusx uaeT peub? Kakoi MeTasn OHU OKUCIISIIOT?

e Kakoe coenauHeHue, oOpa3yroiieecs B pe3ybTare JesITeIbHOCTH Oak-
Tepuid, 00yCIIOBJIMBAET LIBET BoJ0eMa?

e B pe3ynbprare ONpOMBIIUIEHHOW JESITEIbHOCTH YEJIOBEKA MPOUCXOIUT
3arpsi3HEHUE BOJOEMOB U MOYB TsKENIbIMU MeTaimtamu. Kakumu? Kakumu cno-
cobamMu MeTa/l MOKET TOIAacTh B OKPYKalomyo cpeay? Uem oH BpeacH s

YKUBBIX OPTaHU3MOB?

24. B usBectHoil kuure fAna Jlappu «HeoObIKHOBEHHBIC MPUKIIOYCHUS
Kapuka u Banu» paccka3biBaeTcsi 0 HEBEPOSITHBIX COOBITUSIX, KOTOPHIE MPO-
u3onuy ¢ 6paroM u cectpoit Kapukom u Baneit u npodeccopom MBanom I'ep-
MOT'€HOBHUYEM IOCIIE€ TOr0, KAK OHU BBIMUJIN YMEHbIIAIOUIYIO )KUIKOCTh U CTAJIH
MEHbIIE MypaBbs. X011 U3 ONMUCAaHUN B KHUTE, MOKHO CHENaTh BBIBOJI, YTO
pasMep JeTeil mocae yMEHbIIEeHUs cTall 3—4 MM.

e [loxymaiite u 000CHYITE, BO3MOXHO JIU MTOJJOOHOE YMEHbBIIICHUE YeJI0-
BEUECKOTO OpraHu3Ma ¢ MOJIHBIM COXpPaHEHHEM BceX (PYHKIIUN OpraHoB U MO3-
TOBOM JEATENbHOCTH B CIIy4asiX, KOrja:

— BCE KJIETKM YMEHBIIAKOTCS PABHOMEPHO MO MEPE YMEHBIICHHUS BCETO
TeJIa, MPU 3TOM YHUCJIO KJIETOK HE MEHSIETCS;

— YMEHBIIEHHUE PAa3MEPOB TeJla MPOUCXOJUT YACTUYHO 32 CUET YMEHbIIIE-
HUS pa3MEpOB TeJla U YACTUYHO 33 CUET YMEHBIICHHUS YHUCIIA KIETOK.

e [Ipu 060CHOBAaHUM OTBETOB CJICAYET YUUTHIBATh, YTO pa3Mephbl CaMUX
MOJIEKYJI 1 @aTOMOB U3MEHSITHCSI HE MOTYT.

e HazoBute 0HO WJIM HECKOJBKO CaMbIX MAJICHBKMX MHOTOKJIETOYHBIX
JKUBOTHBIX, CYIIECTBYIOIIMX HAa HAIICH IJIaHETe. 3a CYET YEero MPOUCXOIUT

YMEHBIIIEHUE pa3Mepa KIETOK?

25. I KaXJI0M KapTUHKU U3 JIEBOW KOJIOHKW HAWAWTE Mapy U3 MPaBOU

KOJIOHKH (TOJIBKO OAHY KapTHHKY). OOBACHHUTE CBSI3b MEXY HUMHU.
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26. 3anoaHuTe KPOCCBOPI.

2 4
6
7
10
11 12
13 14
15 16 17 18
19 20
21

94




ITo ropusonTaamn

2. llceBnonsymepnas (2D) dhopma yriepona (puc. 2r).

5. UckpuBiieHHE OBEPXHOCTHU KUIAKOCTH, HAIPUMED, BO3JIE CTEHKU TOH-
KOTr'0 Kanuuisipa.

8. Kiterounast Ouonanomaiusa (puc. 8r).

11. XuMudeckuii 371€MEHT, BayKHEHIIIasi COCTaBHAsA 4acTh BCEX OpraHuye-
CKHMX BEIIECTB B MPUPOJIE, CIIOCOOHBIN 00pa30BbIBATh MHOTOOOpPA3HbIE JTUHEH-
HBIE U Pa3BETBICHHBIE CTPYKTYPHI.

12. Ilpumep nceBnooanomepHoii (1D) nHanoctpykrypsl (puc. 12r).

13. Ona quameTpoM MeHee 2 HM, B OOJIBIIIOM KOJHUYECTBE €CTh Y aJICOP-
OCHTOB.

15. Kantunesep.

17. Octpoe 3aboneBanue, BbI3BaHHOE BUupycoMm HSNI.

19. Katanuzarop B )KMBOM KIIETKE.

20. OHa MoxeT ObITh U MPUUYUHHO-CJICICTBEHHAS, U BOJOPO/IHASI, U KOBa-
nenTHas (puc. 20r).

21. COBOKYNHOCTh BEJIMYHH, TPOCTPAHCTBEHHAS PA3HOMEPHOCTh KOTOPBIX

8 16
ncumncisercd ot 10 1o 10 cwm.

Ilo BepTUKAIHN

1. Metoa nmosy4eHus] HECKOIbKUX HACHTHYHBIX OPTaHU3MOB MyTeM Oec-
MOJIOTO Pa3MHOKECHUSI.

3. Yraeponanslii mapuk (puc. 3B).

4. Tlonmyuaercst B pe3yibTaTe pabOThl KJIETOYHOW OMOHAHOMAIIWHBI 8T
(puc. 4B).

6. ['pynmna aToMoB, MOJIEKYJT UM HOHOB (puUC. 6B).

7. XUMUYECKHUE 3JIEMEHTBhI, BXOJSIIUE B COCTAB BCEX OPraHUYECKUX CO-
€IUHEHNIN U COCTABJIAIOIINE OKOJIO 98 % MaccChl KIIETKHU.

9. Marpuiia ¢ HaHeCEHHBIMA OMOMOJIEKYJIaMU JIJIsl OJTHOBPEMEHHOTO TPO-
BEJICHUS OOJIBIIIOTO YKCIIa AaHAIU30B B OJTHOM 00OpasIie.

10. B3Bech HaHOYACTHUIL B BOJIE.

95


https://ru.wikipedia.org/wiki/%D0%9D%D0%BC
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BD%D1%82%D0%B8%D0%BB%D0%B5%D0%B2%D0%B5%D1%80

14. 3Hak Ha qUCIUIEE CKAHUPYIOLIETO 30HAOBOIO MUKPOCKOIIA, OTMEYAK0-
Ui pabodyro TOUKY.

16. Unu sneMeHT TPETHYHOM CTPYKTYpbl O€iKa, WIM CaMblil BEPXHUU
YPOBEHb IPYIIUPOBKU OPTaHU3MOB B CUCTEME HAYYHOU KJlacCU(PUKAIINU, BKITIO-
Yarolui B ce0sl HECKOJIBKO 1apCTB, WK ONpeiesieHHas 30Ha B IHTepHeTe.

17. CoBOKYmHOCTh T'€HOB, COJAEPKAIIUXCS B OJMHAPHOM HAOOpE XpPOMO-
COM JIaHHOT'O OpraHu3Ma.

18. Pycckuii 6uosnor, ¢usnonor, gaypear Hobenesckoii npemun 1904 r.,

OCHOBOIIOJIOKHHUK YYCHHUA O BBICIICH HCpBHOI)'I ACATCIIBHOCTH.

27. IlpencraBum, 4TO C MOMOIIBIO TEHHOW WHKEHEPUU BBl MOXKETE CO-
31aTh OAKTEepUH, YTUIUZUPYIONIUE (MIU TpEeBpaliarIe B MEHEe OIMacHOe CO-
eAMHEHne, Wi OoJiee yaoOHOE IS MallbHEHINEH XMMUYECKOW YTHUIN3AIluN)
OJINH WJIK HECKOJIBKO TSDKEIBIX MeTa/uioB. ONUIIMTe, KaKoi MeTaml OyayT Hc-
M0JIb30BaTh CO3/IaHHbIC BaMU OAaKTEpHUH, TJI€ ITO OyAET MPOUCXOJIUTh, B KAKOU
dbopme (BaJEHTHOCTh, PACTBOPUMOCTh, B BUJIE COJIM/KUCIOTHI/OKCUIA U T. J.)
OakTepuu OynyT ¢ HUM B3aUMOJICHCTBOBATh U B Kakyro (GopMy €ro mpeBpa-

aThb, I1I04EMY MMCHHO Tak?

28. C npeBHUX BpeMEH HaM H3BeCTeH MU} O «30JI0TOM pyHe». HekoTto-
pbI€ UCTOPUKH OOBSICHSIOT €ro MPOUCXOXKIEHNE TeM, 4TO B pekax Komxumsr 30-
JIOTOMCKATENH OMyCKaJIU LIKYpy OapaHa B peKy, 4ToObl COOMPATH 30JI0ThIE MEC-
yuHkU. [IpeacraBbTe, 4TO PyHO Ha caMOM Jieje ObLIO 30JI0THIM M COJIEPKAIIOo
HAHOYACTHUIIBI 30J10Ta. M3BecTHO, yTO GapaHbl MECOK HE €T, a B BOJIE 30JI0TO
HAXOJUTCS B BUJIC METAJUIMYECKUX TIECUNHOK U MOHOB.

e Kakum 00pa3oM HaHOYACTHUIIBI 30J0T@ MOIJIA Obl TUIOTETUYECKHU I10-
nacTh B CTPYKTYpy BoJioca pyHa?

e Ecnu cocTpuyb MIEPCTh U3 TAKOTO «30JIOTOTO PyHa», KOTOPOE COIEp-
KUT HAHOYACTHUIIBI 30JI0TA U CBSI3aTh U3 HEE CBUTEP, TO OTYETO OBl 3aBHUCET €r0

IBCT IMIpU JTHCBHOM cBeTe?
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e B CoBpeMEHHON OHKOJIOTMU MPU TEPANMUU PAKOBBIX OMYXOJEH HUCMOJIb-
3YIOT HAHOYACTHULBI 30JI0Ta B KOMIUIEKCE ¢ aHTUTenamMu. Kakoe CBOKWCTBO HaHO-

YaCTHUII 30J10Ta UCTIOJIL3YIOT JIJIsl U30MPATEIHbHOM THOEN OIMyXOJIEBhIX KIETOK?

29. TepaHocTHKa — 3TO HOBBIM MOJXOJ B MEIUIIMHE, COUETAIOIINN Tepa-
MU0 U JUArHOCTUKY OJTHOBPEMEHHO. [IepCreKTUBHBIMU METOIaMU T€PAHOCTHU-
KM OITyXOJIEBBIX 3a00JieBaHUM (ITOKAa TOJIHKO HA KWBOTHBIX) SIBJISFOTCS HEMHBA-
3UBHBIC (inViVO) CIEKTPOCKONMMYECKUE TEXHOJIOTHUH, TTPEATIOJIATA0IINE UCTIONb-
30BaHME€ HaHoyacTull. OAHAKO MPUMEHEHUE JTAHHOTO METOJa OCJIOKHEHO psi-
0M (paKTOpPOB: BO-TMEPBBIX, MPOHUKHOBEHUEM CBETAa B TKAaHH, BO-BTOPBIX, CO-
3/laHieM OE€30MAaCHBIX HAHOYACTHI[ U, B-TPEThUX, HEOOXOIUMOCTHIO TTPABUIIHLHO
OpPraHU30BbIBATH METOAUYECKUI TTOAXO/.

e Jlo KaKuX CJI0€B KOKM MOKET JOWTH CBET ¢ AIMHOW BOIHBI (a) 800 HM
u (0) 360 aM? Kakum u3Iy4eHUsIM COOTBETCTBYIOT JaHHBIE JJTUHBI BOJTH?

e Kakue ecTb METOJIbl MEAUIIMHCKON IMATHOCTUKH, TTO3BOJISIOIINE BU3Y-
aIM3UpPOBaTh OOJIee TIIyOOKHE TKaHU OpraHu3Ma’?

e Kakoii 6enok o6nanaer HauOONBIINM PACCESTHUEM B TKAHSX?

30. YV ogHoit 1a60paTOPHON MBIIIKK Pa3BUIIACH OMYXO0Jb — METACTa3UpYy-
IOII1asi MEJIAaHOMAa. YYaCTOK KOXKHM MBIIIKK ObLI OYUILEH OT HIEPCTHU U MOKPHIT
rmiepuHoM. C MOMOIIBIO 0CO00M TEXHOJOTHUU TMPHU OCBEIICHUU KOXHU 3elie-
HBIM J1a3€pOM YYE€HBIE CMOTJIM 3apEerMCcCTPUPOBATh KIIETKH, XOPOUIO MOTJolia-
IOIIHE 3€JICHBIA CBET, B KPOBEHOCHBIX M TUM(paTudeckux cocynax. Kakue kiert-
KA OHU TOYHO CMOTYT 3apeTUCTPUPOBATH: a) dpUTpouuThl, 0) T-mumdouuTsl,
B) B-nmumdonutel, ) MUPKYJIUPYIOMIKNE METACTa3bl MEJIAHOMBI, /1) MOHOITUTHI,
€) PHIOTEIIHM?

Kakue MOJICKYIJIbI B 9THX KJICTKAX XOPOLIO IMOTJIOMA0T cBeT?

31. Ilpennoxute Takue HaHoyactuubl (HY) mis TepaHoCTUKH, YTOOBI OHU
OJIHOBPEMEHHO: a) B3aMMOJIEUCTBOBAIM C KJIETKAMU MEJIAHOMBI, LIMPKYJIUPYIO-

IIUMHU 110 KPOBOTOKY (3KEJIaTEeJIbHO, TOJBKO C HUMH); 0) 4TOOBI KOMILUIEKCHI U3
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KJIETOK MejTaHoMbI ¢ HY MOHO OBLIO CKOHIIEHTPHUPOBAThH U3 KPOBOTOKA B OTIPE-
JIETICHHOM MECTE; B) YTOOBI KOMITJIEKCHI MOYKHO OBUIO SJTMMUHHPOBATH (M KAKUM

oOpazom?).

32. Ha pucynke n3oOpaxeHa cxema (T€HHO-WUHXXECHEpPHAs MaHUMYJISIUs
SIBJIIETCS] YaCThIO HAHOOMOTEXHOJIOTHH ), HA KOTOPO OCHOBAH CHOCO0 JIeUeHUs
HacneacTBeHHOTro 3a0oseBanust uyenoBeka. Oparmentol JIHK, mzoOpakenHsbie
OpPaH>KEBbIM U TOTYOBbIM I[BETaMU, COOTBETCTBYIOT reHaMm. Kak Ha3bIBaeTcs cro-
co0 JIeYeHUs HACIEJCTBEHHOTO 3a00JIeBaHMs, OCHOBAaHHBIN Ha M300pa)KEHHOU
TeHHO-UHXKEHEpHOU MaHunyJsaiuu? Kakue (epMeHThl UCTONBb3YIOTCS B ITOU
TeHHO-UHXeHepHOU Manunynsanunu? [louemy reH, n300paxeHHBIN roJIyObIM IIBe-
ToM, 1tocie Beipe3anus u3 JIHK B ganpHeimmx mporeccax He ydactByer? O0b-
SCHUTE, 3a4€M HOBBIA T'eH (M300pakeH OpPAHKEBBIM I[BETOM) BCTPAUBAETCS
B JIHK BMecTo ynanenHoro rena? Jlaiite CBOO OIIEHKY MEPCIEKTUBE UCIIOIb30-
BAHUSI T€HHO-WUHXXCHEPHON MAHUITYJISIIUM, KOTOpas MPOWJITIOCTPUPOBAHA IPH-
BEJICHHOM HA PUCYHKE CXEMOMU.

Bt gene will
help com resist
harmful insects

Enzyme are used
to move genes

Bt gene inserted
into corn

33. 3apucyiiTe IpUBEICHHYIO HUXKE cXeMy B TeTpaau. Hanummre Ha3BaHue
aTarna padoT Mo TeHETUYECKON MHKEHEPUH, KOTOPBIM N300paxeH Ha cxeme. Kakas
U3 N300paKEHHBIX CTPYKTYP MOXKET UCIOIB30BaTHCS B MOCIEIYIOIIEM B KaueCTBE

BekTopa? OOBACHUTE, MOYEMY 3TA CTPYKTYPA MOXKET CITY>KUTh BEKTOPOM.
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[HK 1

PecTpyKTasa | L [ | I{l

Hind ITI

Hind III

34. Kpatko oxapakTepuszylhTte MeTolbl BHeapeHus uyxepoanoin [JHK
B KIIETKY, KOTOpble M300pa)k€Hbl Ha MNPHUBEACHHBIX HUKE pHUCYHKax. Kakwue
npyrue metoasl BHeapenus ayxkepoaHon JIHK B knerky Bam uzBectHb1? Kakoii
U3 3TUX METOJOB, 10 BallleMy MHEHUIO, HauboJsee HajaexeH? Kakoi n3 MeToa0oB
IPEJICTAaBISETCS BaM HaMMEHEe HaJEeKHBbIM JJi 00eCleyeHus JKeIaeMoro pe-

3yabprara? OTBETHI APTYMEHTUPYHITE.

Pactop /THK
l Drexrpon

DTIERTROX
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3AK/IIOYEHHUE

MHorue HaHOTPOLIECCH W HAHOSIBJICHUS KUBOW MPUPOJBI MOSBUINCH Ha
3emuie 0k0JI0 3 MIp JIeT ToMy Haza. [locnenyronue nepruoasbl 3BOIIOIUN KHU-
BOI'O MHOTOKPAaTHO YOEXJAlOT HAC B T'€HUAIBHOCTH IPEBHEUIIEro HAHOKOH-
CTPYKTOpa M HaHOTexHoJsiora raHetrsl — [Ipuposasl. BecectopoHHee mo3HaHue
KUBBIX CTPYKTYp M MEXaHHU3MOB JKHU3HEACATEIHPHOCTH HA CaMHX TITyOWMHHBIX
YPOBHSIX OpraHU3alMM UBOTO — TJIABHOE YCJIOBHUE KOHCTPYHMPOBAHHUS HAHO-
CTPYKTYP U pa3pabOTKH HAHOTEXHOJIOTHI MyTeM MOJICTUPOBAHUS.

['maBHas uenb, KOTOPYIO MpECIeOBAIN aBTOPbI MOCOOUs, — AaTh oOyya-
IOIMMCSI BO3MOKHOCTh HEMPUHYKJICHHO M ¢ HHTEPECOM MPUKOCHYTHCS K TIPU-
KJIQHBIM JOCTIKCHHSIM HAHOTEXHOJIOTHH B 00JacCTH OMOJOTHMYECKOW HayKH.
buonorust — TouHas Hayka, U 1000 J1a00OPATOPHBIA SKCIEPUMEHT HEMBICIUM
0€3 BCECTOPOHHETO OOBICHEHHS YCIOBUN €ro MOCTAaHOBKH.

B nocobun paccMOTpeHbl TEOPETUYECKHUE OCHOBBI UCCIIEOBAHUS HAHOPA3-
MEPHBIX OMOJIOTHYECKIX 00BEKTOB METOIOM CHIIOBOM 30HI0BON MHUKPOCKOITHH.

Bo Bpemst npakTuyeckux 3aHsATUN Ha 0a3e HayuHo-o0pa3oBaTenbHOTO pe-
cypcHoro 1ienTpa «Harnorexnomorum» OMI'TY (HOPL] OMI'TY) obyuarommecs
¢ momotibio Metona C3M mpoBoAsT uccineaoBaHus Tonorpaguu u Mopdoio-
TUU TIOBEPXHOCTH OMOJIOTHYECKUX OOBEKTOB C IMOCICAYIOIIMM KaueCTBEHHBIM
U KOJIMYECTBEHHBIM aHAJIU30M €€ COCTaBa, M3y4arOT XapakTep pa3pylIeHUs
OMOoCHUCTEM MO ACHUCTBHUEM (DU3NYECKUX U XUMUYECKHUX (DAKTOPOB.

Bricokasi paspemaromiasi CrocoOHOCTb aTOMHO-CHUJIOBOTO MHKPOCKOIIA
MO3BOJISIET U30MPATEIBHO OMPEACNISATh KIETKH KXUBBIX OPTaHU3MOB, UX CTPYK-
Typy 0€3 JOMOJHUTEIbHBIX CTa Uil 00PaOOTKH.

Jnst Gonee riyOoKoW MpopabOTKU PaCCMOTPEHHOTO METOJla MCCie10Ba-
HUS B TOCOOMH MPUBEICHBI IPAKTUYECKHUE 3aJaHUS U CITUCOK PEKOMEHTyeMOM
JUTEPATYPHI, U3YUYEHNE KOTOPOU MMOMOXKET B OCBOCHHWU METOJa ¥ MPUMECHCHUHN

€TI0 HC TOJIBKO Ha IIPAKTHUKEC, HO U IIPU BBIIIOJHCHUU BKP.
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