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WUCTOJIOTUSI — HayKa, u3ydaroliasi TKaHu Teja u

TO, KAKUM 00pa30M 3T TKaHU PACIIOIaraioTcs u

B3aMMOMEIHCTBYIOT, 00pa3ysl OpTaHbl. DTOT MpPe/I-
MET BKJIIOUYAET B ce0s1 BCe acIeKThl OMOJIOTUM TKAHE,
MpUYEM OCHOBHOE BHUMAaHUE B HEM YIEJSIETCS TOMY,
KakK CTPYKTypa M PACIOJIOXEHUE KJIETOK ONTUMAaJb-
HBIM 00pa30M 00ECITIeUNBAIOT BHITTOJTHEHNE (DYHKIIUI,
crietu(pUIHbIX TS KaXXI0TO OpraHa.

TxkaHu cocTosAT U3 NBYX B3aUMOJIEHCTBYIOIINX
KOMITOHEHTOB: KJIETOK W MEXKJIETOYHOTO BEIeCTBa,
WM BHeKjIeTouHoro Matpukca (BKM). BKM Bkitio-
YaeT MHOTUE BUIIBI MAKPOMOJIEKYJI, OOJIBIIIMHCTBO U3
KOTOPBIX 00Pa3yloT CIOXHbBIE CTPYKTYPhI, TaKUe Kak,
Harpumep, KoutareHoBbie pubpuuiel. BKM mogmep-
JKUBAET KJIETKU U CONEPXKUT KUIKOCTh, TPAHCIIOPTHU -
PYIOIIYIO MUTATEIbHbIE BEIIECTBA K KJIETKAM U YHO-
CSIIIYIO MX IIJITAKU U CeKpeTOopHbIe MponykThl. Kietkn
npousBoadaT BKM nokajibHO 1, B CBOIO OYEpEb, CUJb-
HO 3aBUCAT OT MOJIEKYJI MaTpukca. MHOTMe KOMIIO-
HEHTBhI MAaTPUKCA CBSI3bIBAIOTCS CO CTIEN(UIECKUMU
pelenTopamMu Ha IOBEPXHOCTHU KJIETOK, KOTOPBIE MPO-
HU3BIBAIOT KJIETOUHBIE MEMOPAHbBI U COEIUHSIIOTCST CO
CTPYKTYPHBIMU KOMIIOHEHTAMU BHYTPHU KJIETOK. Ta-
KUM ITyTeM 00pa3yeTcst eInHast HEMpepbIBHASI CUCTEMA,
B KoTOpoii Ki1eTKu 1 BKM (pyHKIIMOHUPYIOT COBMECT-
HO XOPOIIIO CKOOPAMHUPOBAHHBIM 00pa3oM.

B niporiecce pa3BuTus KJIETKY 1 CBSI3AHHbBIN C HUMU
MaTpPUKC TMPUOOpeTaroT (GYyHKIMOHAIBHYIO CIIeIHa-
JIN3aIMI0 1 JalI0T HAayajJ0 OCHOBHBIM TUIIaM TKaHEH
C XapaKTepHBIMU CTPYKTYPHBIMU OCOOEHHOCTSIMU.
Opranbl 00pa3yloTcs Onaromaps YHOPSIOYCHHOMY
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COYETAHUIO OTUX TKAHE, U X TOYHOE PACTIOJIOKEHUE
obecrnieunBaeT (PyHKIIMOHUPOBAHUE KAXKIOTO U3 HUX U
OpraHu3Ma B LIEJIOM.

M3-3a Menkoro pasmepa KJIETOK U KOMIIOHEHTOB
MaTpUKCa U3y4YeHUE TMCTOJOTUY 3aBUCUT OT UCIIONb-
30BaHUSI MUKPOCKOTIOB U MOJIEKYJISIDHBIX METOJIOB
nccaenoBanud. JlocTmkeHus B 007aCTU OMOXUMUM,
MOJIEKYJISIPHOI OMosoTuu, (PU3MOIOTUHN, UMMYHO-
JIOTUU M TATOJOTUU UMEIOT OOJIbIIOe 3HAYEHUE IS
bosiee TTYOOKOTO MOHMMAHUS OMOJIOTUHY TKaHeu. JIiis
MPaBWIBHOTO BOCTIPUSITHS TIPEAMETA B JII0OOOI oTpac-
JI HAyKW HEOOXOAMMO 3HAKOMCTBO C UCIIOJIb3YeMbIMU
npubopamu 1 MeTonamu. B 210l T1aBe paccCMOTpPEHbI
0011I1e METO/IbI, IPUMEHSIEMbIE ISl U3YYeHUS KIIETOK
U TKaHEeU, CO CNEelraIbHOU OpUEHTAllMEN HA MUKPO-
CKOTTUYECKUE TIOIXO/IBI.

NOArOTOBKA TKAHEN
KUCCNEAOBAHUIO

Haubonee pacnpocTpaHeHHON METOAUKOM, MC-
MOJIb3yeMOIl B TUCTOJOTMYECKUX HCCIEIOBAHUSIX,
SIBJISIETCS] MPUTOTOBJIEHUE TKAHEBBIX MIACTUHOK —
Cpe30B, KOTOpblE MOXHO HCCJIeI0OBaTh BU3yalbHO B
npoxongiieM cBete. IToCKOJbKY OOJBIIMHCTBO TKa-
Hell 1 opraHoB 00J1afal0T 3HAYMUTEIbHON TONIIUHON 1
He MPOITYCKAlOT CBET, U3 HUX MOJy4YaloT TOHKHE MPo-
3payHble Cpe3bl, KOTOPhIE MTOMEIIAIOT HAa TPEAMETHDIE
cTeKJIa JJI1 MUKPOCKOITMYECKOTO UCCIeN0BaHUST BHY-
TPEHHUX CTPYKTYP.




B upeanbHOM MUKPOCKOTIMUYECKOM Mperapare
TKaHb COXpaHeHa TaKMM 00pa3oM, YTO Ha cpe3e OHa
WMEET T€ K€ CTPYKTYpPHbIE OCOOEHHOCTU, YTO ObLIU
CBOUWCTBEHHBI €4, KOTJa OHA BXOAWJIa B COCTaB Opra-
Hu3Ma. OQHAKO 3TO YaCTO HEOCYILIECTBUMO, TOCKOIBKY
MPOLIECC MPUTOTOBJICHUS MOXET YIAJISITh KJIIETOYHbBIE
JIUTTUIBI U BHOCUTDH HEOOIBILIME UCKAXKEHUS B CTPYKTY-
py ki1eTku. OCHOBHBIC 3TAITbl ITOATOTOBKY TKAHEH TSI
CBETOBOIT MUKPOCKOIUM TTOKa3aHbl Ha puc. 1.1.
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®ukcayma

st Toro 4ToOBl COXPAaHUTh CTPYKTYPY TKAaHU U
MPeaoTBPAaTUTh €€ pa3pylieHue hepMeHTaMu, KOTO-
pbi€ BBIACSIOTCS KJIETKAMU WJIM MUKPOOPTaHU3Ma-
MU, KyCOYKHA OPTaHOB MOMEIIAIOT KaK MOXHO CKO-
pee mocie UX yoaJeHUus U3 OpraHu3Ma B PacTBOPHI
CTAOUIU3UPYIOLINX WU BBI3BIBAIOIINX 0Opa30BaHUE
MOIEPEUYHBbIX CBI3EM COeTMHEHUM, Ha3bIBAEMbIX (DHK-
caropamu. [TockonbKy (hUKcaTOp HOIKEH TOJTHOCTHIO

52-60 °C

3anuBka
(nponuTbiBaHKE)

MpocBeTneHune

MonyyeHune 6noka

MaxoBuk
LepaTtenb 650Ka
MapaduHoBbIi 610K
TkaHb

CranbHOM HOX

Puc. 1.1. MNpurotoBneHne cpe3oB GUKCMPOBAHHON 1 3aIUTON B NapadUH TKaHU

MoprotoBKa GOJMBbIIMHCTBA TKaHen ANA MMCTONOrMYeckoro
NccnefoBaHnA, Kak MoKasaHo Ha PUCYHKe, BKIOYaeT yKa-
3aHHYI0 NOC/Ief0BaTeNbHOCTb 3Tanos (a):

= puKcauma — Hebosblue KYCOUKU TKaHW MOMeLlaloT B
pacTBOpPbI XMMUYECKMX BELLECTB, KOTOPbIE BbI3blBalOT 06-
pa3oBaHVe MomnepeyHbIX CLUIMBOK OefikoBbIX MOJSIEeKys 1
WHAKTUBUPYIOT NUTMYeCKe bepMeHTbl, UYTO COXpaHseT
CTPYKTYPY KNEeTOK 1 TKaHel;

= 06e3BOXKMBaHNe — TKaHb NMPOBOAAT Yepes Cepuio PacTBo-
POB CNUPTa HapacTaloLmMx KoHLeHTpaumii 4o 100% KoHueH-
Tpauuu, B pe3ynbTaTe BCA BOAA YAANIAETCA;

® NpocBeTNeHne — CNyPT yAANAT OpraHUYeCcKUMIN PacTBO-
puTenamMM, KoTopble CMELUMBAIOTCA Kak CO CNMPTOM, TaK 1
C napapuHom;

m 3a/INBKa — 3aTeM TKaHb MOMeLLalT B pacrnnaBieHHbIN
napaduH, Noka oHa NOJIHOCTbIO He MPOMNUTAeTCA 3TUM Be-
LLLeCTBOM;

= popMmupoBaHue 6510Ka — MponuUTaHHylo napadrHoM
TKaHb NoMeLLatoT B HebonbLyio GopMy € pacnnaBieHHbIM
napadrHOM 1 JaloT ell 3aTBEPAETD;

= nogpesKa 6noka (TPMMMMHI) — MosyYeHHbIV napadu-
HOBbIV 6JIOK 06pPe3aloT, YTOObI OOHAXKNTL TKaHb ANA Npu-
roTOBJIEHMA CPE30B Ha MUKPOTOME.

AHanornyHble LWarn CBOWCTBEHHbI MPOLIeCCy MOArOTOBKM
TKaHel K TPaHCMUCCMOHHOW SNEKTPOHHOW MUKPOCKOMUN,
3a UCKNIoYeHreM Bblibopa creumanbHbiX GrKCaTopoB 1 Ae-
rMAPaTUPYIOLWMX PAacTBOPOB, NCMNOJIb3yeMbIX C MEHbLUUMMN
obpasuamy TKaHel, a 3a/IMBKy NMPOU3BOAAT B SMOKCUIHbIE
CMOJIbl, KOTOPbIE CTAHOBATCA TBEP»Ke NapaduHa, YTo NO3BO-
NAET NOYyYnNTb O4YEeHb TOHKME Cpesbl.

(6) MMKpOTOM MCNONb3yOT ANA MOMYYEHMs CPEe30B 3a-
NUTbIX B MapaduH TKaHel [nsa CBETOBOW MUKPOCKOMUU.
Moppe3aHHbIn 60K TKaHW yCTaHaBNMBAlOT B AepKaTtenb
napa¢uHoOBOro 6/,10Ka, 1 Kaablii MOBOPOT MaxoBUKa ru-
CTONIOrOM NMpoABUraeT Aep)katefib Ha perynMpyemoe pac-
CTOAHME, 06bI4HO OT 1 Ao 10 MKM. MNocne Kaxaoro asuke-
HUsA Brepen 610K TKaH MPOXOANT HaZl KPOMKOM CTafibHOrO
HOXa, 1 NosyYyaeTca cpes, ToNWMHA KOTOPOro paBHa pac-
CTOSIHMIO BblABMXKeHMA 651oKa. MNapaduHoBbie cpesbl mome-
LAIOT Ha CTEKNAHHbIE NpeAMeTHble CTeKNa 1 MPUKNenBaoT
K UX NMOBEPXHOCTY, AenapaduHNPYIOT 1 OKpalIBailoT AN
nocneayiowero nccneqoBaHna B CBETOBOM MUKPOCKOnNe.
[nAa TPAHCMUCCMOHHOWN 3NEKTPOHHOW MUKPOCKOMUUN Cpe-
3bl TONLWMHOM MeHee 1 MKM MOJlyyatoT 13 3a1TbIX B CMONY
KNeTOK C MOMOLLbIO YIbTPAMUKPOTOMA CO CTEKAHHbBIM UN
A/IMa3HbIM HOXXOM
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IuddyHaupoBaTh B TKaHU, YTOOBI COXPaHUThL BCe
KJIETKM, MOJIyYeHHbIe TKaHU Tiepel (pukcaiyein oob4-
HO pa3pe3aloT Ha MeJIKMe (pparMeHThI, obserdyas TeM
caMbIM MPOHUKHOBeHUE puKkcatopa. st ynydieHus
COXpaHEHUsI KJIETOK B KPYIHBIX OpraHax (puKcaTopbl
4acTO BBOJSIT Yepe3 KPOBEHOCHBIE COCYIIbI, IIPU 3TOM
cocyaucTas nepdys3ust odecreunBaeT ObICTPYIO (prKca-
LIAIO BCEX TKAHEH.

OnHUM U3 IIMPOKO MPUMEHSIEMbIX (PUKCATOPOB IS
CBETOBOII MUKPOCKOIIMU SIBJISICTCS (DOPMaJIMH B BUJIEC
3a0yepeHHOro M30TOHMYECKOro pactBopa 37% dopM-
anpaeruna. Kak 3To coeamHeHue, Tak U IJIyTapOBbIiA
anpaeru (TayTapanbaerun), GukcaTop, UCMob3yeMbli
JUISL 9JIEKTPOHHOM MUKPOCKOIIMHU, BCTYMAIOT B peak-
uuto ¢ amuHorpynmamu (NH,) 6eskos, npenorsparuast
UX pa3pylleHue OObIYHBIMU MpoTea3aMu. [JyTapoBbiit
aJIbIETH]I BbI3bIBACT TaKKe OOpa30BaHME ITOIEPEUHBIX
CBsI3eil MEeXIy COCEAHUMU OCIIKOBBIMU MOJIEKYJIaMu,
YTO YCUJIMBAET CTPYKTYpPHI KJIeTKU 1 BKM.

DeKTpOHHAsA MUKPOCKOIUS 00ecrneyrBaeT ropas-
110 OOJIblIIEE YBEIMYCHHUE U pa3pellicHUE OUeHb METKMX
KJIETOUHBIX CTPYKTYp, IO3TOMY (bHKCALMSI IOJKHA
OBITH C/ieJlaHa OYEHb TIIATEIbHO, YTOObI COXPAHUTB JI0-
MOJIHUTEJIbHBIC «yJIbTPACTPYKTypHBIe» neTanu. OObIYHO
B TaKMX MCCIIEIOBAaHUSIX 00pabOTaHHYIO TJyTapaibie-
TMI0M TKaHb 3aT€M ITOrpY:KaroT B 320y epeHHBbII pac-
TBOP TETPOKCUIa OCMMUSI, KOTOPBIIA COXpaHsIeT (M OKpa-
IIMBAET) KJIETOYHbIE JIUTIUIBI, a TAKXKe OCIKU.

3anuBKa 1 NpUroToBJieHNe CPe3oB

st TOro 9TOOBI MOJIYIUTh TOHKHUE CPe3bl, (PUK-
CHpOBaHHBIC TKAHM ITPONUTHIBAIOT W 3aJIUBAIOT B Ma-
TepHaj, KOTOPBIA TpHUIaeT UM TBEPAYI0 KOHCUCTEH-
uuio. MaTtepuasl 1151 3a]TMBKY BKJTIOYAIOT MapaduH,
OOBIYHO MCITOJIB3YEeMBIIt IJISI CBETOBO MUKPOCKOITHH,
1 TTACTUKOBBIE CMOJIbI, KOTOPHIE amalTHPOBAaHBI KaK
IIJISI CBETOBO#, TaK 1 IIJIST 3JICKTPOHHO MUKPOCKOITHH.

[Tepen mponmUTEIBAHNEM TaKUMU CpeaaMy (PUKCH-
POBaHHYIO TKaHb MTOABEPraroT Aeruaparamiuu (00e3B0-
JKMBAHMIO), TIOCTETICHHO YAAJIsIsl M3 Hee BOMY ITyTeM
IIPOBOIKM Yepe3 PsI IMTOPLUI 3TaHOIa HapacTaroIINX
KOHLIEHTpALMii, BIUIOTh 10 KoHLieHTpauu 100%. 3a-
TeM 3TaHOJI 3aMEHSIOT OPTaHMYCCKUM pPacCTBOPUTE-
JIeM, CMEIIMBAIOIIMMCST KaK CO CIIUPTOM, TaK U C 3a-
JINBOYHOW CPENoi, YTO HA3bIBAETCS MPOCBETJIEHUEM,
ITOCKOJIBKY MIPOTUTHIBAaHNE YKa3aHHBIMM peareHTaMu
MIpUIaeT TKaHU TOIYIIPO3PadHbIi BUI.

[Tocte 3aBepiIeHNS TPOCBETICHNS TKAHD ITOMETIA-
10T B pacIUIaBJICHHBIN TTapacH B TEPMOCTAT TIPU TEM-
nepatype 52—60 °C, koTopast obecIieYnBaeT ucrapeHue
IIPOCBETIISIIONIETO PACTBOPUTENISI, YTO CITOCOOCTBYET
MPONMUTHIBAHUIO TKAaHU MapaddHOM. 3aTeM TKaHb 311 -
BAIOT, TTO3BOJISS €if 3aTBEPAETh IMPU KOMHATHON TeM-
reparype B HeOOJIBIION eMKOCTH ¢ TTapacdrHoM. Tka-
HU, KOTOPHIC IOJKHBI OBITh 3aJIMTHI B TIJIACTUYECKIUE
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CMOJIBI, TAKXKe 00€3BOKMBAIOT B 3TAHOJIE, a 3aTeM I1pO-
MUTHIBAIOT PACTBOPUMBIMMU IJIACTUYECKUMU CMOJIAMU,
KOTOpbIE 3aTBEPAEBAIOT MPU 10OABICHUY CIIIMBAIOLINX
MOJIMMEPU3aTOPOB. 3aJuBKa B MJIACTUUYECKHUE CMOJIbI
MO3BOJISIET U30eKaTh 00JIee BLICOKUX TeMIepaTyp, He-
00XOAMMBIX [T TapaduHa, 4TO TIOMOraeT MpeaoTBpa-
TUTb UCKaXKEHUE CTPYKTYPhI TKAHEH.

3aTBepleBIINil OJI0K, coaepKalluii TKaHb, OKPY-
JKEHHYIO 3aJIMBOYHOI cpefoii, o0pe3aroT U moMeIaoT
IIJISI TIPUTOTOBJICHUST CPE30B B MPUOOP, Ha3bIBaEMbIi
mukporomom (cMm. puc. 1.1). IlapacduHOBBIE Cpe3bl
OOBIYHO M3TrOTaBAMBAIOT TOMIIMHON 3—10 MKM 115
CBETOBOM MUKPOCKOIIMU, HO IJISI 9JIEKTPOHHOU MU-
KPOCKOMNUM HYXHbI Cpe3bl TOJIIMHON MeHee 1 MKM.
Onun muxkpometp (1 Mxm) paBeH 1/1000 muminme-
tpa (MM), wtu 1076 M. JIpyrumMu IpoCTpaHCTBEHHBIMU
(MMHEWHBIMU) €AUHUIIAMU, OOBIYHO MCIIOJIb3YEMbI-
MU B MUKPOCKOMMUHU, SIBISIIOTCS HaHOMeTp (1 HM =
= 0,001 mxm = 10° mm = 10° m) u anrctpem (1 A =
= 0,1 am, win 10~* Mmxm). Cpessl MPUKIECHUBAIOT K CTE-
KJISSHHBIM TIPEAMETHBIM CTEKJIaM M OKpaIllMBaIOT IJIs
CBETOBOI MUKPOCKOIIMY WJIM IIOMEIIAIOT Ha MEeTaJUIU -
YEeCKME CETKU MJIsl JIEKTPOHHO-MUKPOCKOITMYECKOTO
OKpallliBaHUs U UCCICAOBAHUS.

»> MegnUMHCKoe 3HaYeHne

Brioncma — 3To monyyeHne Kycouka (obpasua) TKaHu BO
BpeMA onepauuy niav 0bblYHbIX MEAULIMHCKMX NpoLeayp.
MaTepwan, nony4YeHHbI B ONepauyioHHO nyTem 6rioncum
(6ronTaT), PUKCUPYIOT B eMKOCTM C GOPMaNMHOM 1 MOLBEP-
raloT 06paboTke N MMKPOCKOMMYECKOMY aHasiM3y B NaTono-
roaHaTomuyeckon naboparopuu. Ecnu pesynbtatbl Takux
aHann3oB Heo6XOAVMbI A0 3aBEPLUEHNA MEAVLIMHCKON Npo-
Lefypbl, Hanpumep, 4Tobbl y3HaTb, ABAAETCA SN OMyXOJib
3/10Ka4YeCTBEHHOW, MPeXxae Yem ornepaLnoHHasa paHa y na-
LveHTa byfeT 3almTa, TPUMEHAIOT ropasao 6osnee HbICTpbIi
MeTof, 06paboTkn maTepuana. brionTat 6bICTPO 3amopaxu-
BalOT B KVAKOM a30Te, YTO COXPaHAET KIIeTOUHbIE CTPYKTY-
pbl 1 B TO »e BpemA AeflaeT TKaHb TBEPAON U NPUrogHON
K MoJsiyuyeHuto cpe3oB. 1A pe3kn Takoro 610Ka ¢ TKaHbko
UCMOMb3YIOT MUKPOTOM, MOMELLEHHDbIV B WKad ¢ Temnepa-
Typoi H1xe 0°, Ha3blBaeMbli KPMOCTAaTOM. 3aMOPOKEHHbIE
Cpe3bl MOMELLAIOT Ha MpeAMETHbIE CTeKNa, ObICTPO OKpaLly-
BalOT, MOC/1e Yero naTosior NPOBOAMT VX MUKPOCKOMMYecKoe
nccnepoBaHue.

3aMopaXknBaHue TKaHel Takke 3GpPeKTUBHO Npu MMCTOXM-
MUYECKUX UCCNeJOBaHNAX OYeHb YyBCTBUTENIbHbIX dep-
MEHTOB WUV MEeNKMX MOJIEKYJ1, MOCKOJIbKY 3aMOpParBaHue,
B OT/IYMEe OT GUKCaLWK, He MHAKTUBUPYET 6ONbLINHCTBO
depmeHTOB. HakoHeL|, NOCKOMbKY NPOCBETNIAIOLIME peareH-
Tbl YaCTO PACTBOPAIOT KNETOYHbIE NMMUAbI B PUKCUPOBAH-
HbIX TKaHAX, 3aMOPOXXEHHbIe Cpe3bl TaKkXe MoJie3Hbl, Korga
Heo6X0AVMO NMPOBECTU MMCTONIOTMYECKOE U3YUYEHVE CTPYK-
Typ, COAepKaLymx IUNNbI.

OkpawunBaHune

Boénbias 9acTh KJIIETOK ¥ BHEKJIETOYHOTO Marcpua-
JIa ITOJIHOCTBIO 6CCHBCTHa, ITO3TOMY OJId MUKPOCKOITU -



YeCKOro McciaeaoBaHus cpe3bl TKaHel NOKHBI ObITh
okpaleHbl. Pa3zpaboTraHbl MeTOAbl OKpalluBaHUS,
KOTOpbIE JIeJIal0T pa3IMYHbie KOMITOHEHTHI TKAHU He
TOJILKO 3aMETHBIMU, HO Y OTJIMYMMBIMU IPYT OT ApyTa.
Kpacutenu okpaimmBaioT matepuai 0ojiee UM MeHee
M30upaTesibHO, YaCTO ACUCTBYS MOJTOOHO KMUCIBIM WU
OCHOBHbBIM COEAUHEHUSIM U 00pa3ysl dJIeKTPOCTaTUUE-
cKue (CosieBbIC) CBSI3U C MOHU3UPYEMbIMU paavKaaaMu
MaKpoMOJieKyd B TKaHsAX. KieTouHble KOMITOHEHTHI,
TaKhe KaK HYKJIEUHOBBIE KUCIOTHI, C OOIIUM OTpU-
LaTeJbHBIM 3apsiioM (AHMOHHBIC), UMEIOT CPOACTBO K
OCHOBHbBIM KPaCUTEJISIM 1 Ha3bIBAIOTCS 0a30(huIbHBIMM,
KaTMOHHbIE KOMITOHEHTHI, TaKMe KaK OeJIKM, CO MHO-
TMMU WOHU3UPOBAHHBLIMU aMUHOIPYMNIAMU, Jerdye
OKpAaIlIMBAIOTCS KUCIBIMU KPACUTENISIMU U HA3bIBAIOTCST
anua0(UILHBIMH.

IIpuMepamMn OCHOBHBIX KpacuTeseil SIBISIOTCS
TOJIYUIUHOBBIA CUHMIA, aJIbLIMAHOBBIIA CUHUNA U Me-
TUJICHOBBI cuHUi. 'eMaToKCUIMH BeneT cebds Kak
OCHOBHOI KpacuTelb, OKpalluBasi 0a3o¢uibHbIC
KOMITOHEHTHI TKaHU. CIToCOOHOCTD IJTaBHBIX TKAHEBBIX
KOMITOHEHTOB MOHU3UPOBATLCS Y BCTYIATh B peakLun
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C OCHOBHBIMU KPaCUTEJISIMK OOYCJIOBJIEHA HAaJIUYUEM
B MX COCTaBe KMCJIOT — JE30KCUPUOOHYKIJIEHMHOBOM
(IHK), pubonykneunopoit (PHK) u riukozamuHo-
mIMKaHoB. Kucible kpacutenun (Hampumep, S03UH,
opaHxeBbIit G M KUCIIbIN (DYyKCUMH) OKpalllMBaIOT ally-
Jno(MuIbHbIE KOMIIOHEHTBI TKaHEH, TaKue KaK MUTO-
XOHJIPUM, CEKPETOPHbIE TPaHYyJIbl U KOJIJIareH.

W3 Bcex MeTON0B OKpalllMBaHUs Yallle BCEro MC-
MOJIB3YIOT MPOCTYI0 KOMOMHAIIMIO TeMaTOKCUIMHA 1
5031Ha (TeMaTOKCUJIMH—3031H). [ eMaTOKCUJIMH OKpa-
mmBaeT JJHK B sinpe knetku, 6orateie PHK yyactku
LIMTOILIa3Mbl M MAaTPUKC XpsIilia, IpKUIaBasi UM TEMHO-
CMHUMI uau (uojeToBblid 1BeT. HanmpoTtus, 3031uH
OKpallMBaeT APyrue UUTOIIa3MaTUUEeCKUE CTPYKTY-
DBl M KOJUIareH B pOo30BbIi LBET (puc. 1.2, a). B naH-
HOM cJjly4ae 303MH paccMaTpUBAIOT KakK J0KPaCKy
(KOHTpaCTUPYIOLIMI KpacUTesb), KOTopas OOBIYHO
MpeAcTaBisieT co00M OOMH KpacuTesb, IpUMEHSsIE-
MBIl OTAEIbHO [JIs BBIACICHUS TOIOJHUTEIbHBIX
MPU3HAKOB TKaHU. boiiee ciloXHbIe METOAUKU, Ta-
KM€ KaK TPUXPOMHbIEC OKpPacKU (Harmpumep, TPUXPOM
1o MaccoHy), IO3BOJISIIOT 60Jiee NeTalbHO BBHISIBUTH

MukpodoTorpadur snUTenns, BbICTUNAOLETO TOHKYIO KWLL-
Ky, Mpenaparbl, OKpaLleHHble reMaTOKCUIMHOM—3031HOM (a)
n LUMK-peakuein Ha rmmkonpoTterHbi (6).

Mpy Mcnonb3oBaHWM reMaTOKCUINHA—303UHa 6a3odusib-
Hble Afpa KIeToK oKpalluvBaloTCcsA B G1ONETOBLIN LBET, a Ln-
TOMsla3Ma — B PO30BbIiA. YUaCTKM KIETOK C 06UIbHBIMI ONN-
rocaxapvaamu, CBi3aHHbIMU C IVKONPOTENHAMM, TAaKME KaK
Kpas KneTok, obpalyeHHble B npocseT (M), nnn otaenbHble
ceKkpetupyolme cnv3b 6okanoBugHble knetku (B), okpa-
weHbl cnabo. Mpu LWNK-peakumm, ogHaKo, OKpacka KneTok

Havbonee nHTeHcUBHa y npocserta (M), rae BbicTynawwme B
Hero MYKPOBOPCUHKM COAePKaT 3aMeTHbIN CJION MIMKONpo-
TenHoB. LUMK-peakuma ApKo oKpallMBaeT Takxe 6Goratble
MyLIMHaMU CEKPETOPHbIE FPaHysibl 6OKanoBUAHbBIX KINETOK.
[MMKONpPOTENHbI KNeTOUYHOW MOBEPXHOCTU UM MYLUH ABASA-
totca LNK-nonoxutenbHbiMu (PAS-nonoXutenbHbIM) 13-3a
BbICOKOrO COAEPXaHUA B HUX ONMrocaxapupos 1 mnonuca-
XxapupoB cooTtBeTcTBeHHO. OkpalueHHble LUWK-peakuunen
TKaHW AOKpPaLLEHbl FeMaTOKCUMIIMHOM [ANA BbIABNEHVA Aaep
KneTok (a — x400; 6 — x300)
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pa3IUYUs MEXIY OTIEIbHBIMU BHEKIECTOYHBIMU KOM-
IMOHEHTAMU TKaHU.

Peaxkuys IIudd-iioagnaa kucaora (IINK-peakuus)
(anTy. periodic acid—Schiff — PAS) mo3BoJiseT BbI-
SIBUTh T€KCO3HbIE KOJIblIA MOJMCAXapUAOB U APYTUX
0OoTraThIX YIJIeBOJAMM TKAHEBBIX CTPYKTYP U OTUCTINBO
OKpaIllMBaeT TaKKe MaKPOMOJIEKYITbI B KpaCHO-(UoJIe-
TOBBIN WM MypnypHbIi uBeT. Ha puc. 1.2, 6 mokazaH
MpUMep KJIETOK C OoraThbIMU YIJIEBOAAMU y4acTKaMHu,
sapko okpameHHbIMU TN K -peakuueii. JTHK kneTou-
HBIX SAEpP MOXET OBITh CITeUMdUUIecKr OKpalleHa ¢
nomortiisio Mmoaudukanuu metona TN K, Ha3zpiBaeMoii
peakuueit @enbrexHa.

bazopunshblii nnn HIUK-nonoxurenbHbIA MaTe-
pHa MOXET OBITh JOTIOTHUTEIFHO UACHTU(PUIINPOBAH
C MIOMOIIIBIO (PEPMEHTHOTO IepeBapuBaHUS — IPEaBa-
pUTENBHOI 00pabOTKM cpe3a TKaHU (PEPMEHTOM, KOTO-
PpBIii crienuyecKy epeBapruBaeT oauH cyocTpat. Ha-
IIpuMep, IIpeaBapuTeIbHas 00padoTKa pUOOHYKIICa30i
CYIIIECTBEHHO CHUWXKAEeT IMTOTUIa3MaTUIeCKylo 0a30-
¢dunuo npyu He3HAYUTEJTbHOM OOIIEM BO3NEUCTBUU
Ha s1po, YTO yKa3biBaeT Ha 3HaueHue PHK B okpacke
LIUTOTIJIA3MEL.

Boratbie munmaMu CTPYKTYPHI KJICTOK BBISIBIISIIOT,
usberasi TeX CTaAWil MOATOTOBKM, KOTOPbIE YAAISIOT
JIMMUIBI, TAKUX KaK 00paboTKa TEIIOM U OpTraHuye-
CKMMU pacTBopuUTeIIMHU. OKpalllMBaHWE IIPOBOIAST
ZKHPOPACTBOPUMBIMH KPACUTEISIMA, TAKMMH KaK CyIaH
YepHbIii, KOTOPbIE MOTYT OBITh TTOJIE3HBI B TUarHOCTH -
Ke MeTaboIMYeCcKUX 3a00IeBaHuli, HATPUMED, CBSI3aH-
HBIX C BHYTPUKJIETOUHBIM HAKOIIJIECHUEM XOJIECTepoJia,
dochonunuaoB Wiv TIUKOIUNUAOB. MeHee pacnpo-
CTpaHEHHbIE METO/Abl OKpalllBaHUS MOTYT BKJIIOYATh
AMIIpEeTHAINIO0 MeTautaMu. Tak, IJis BBISIBJICHUS
orpeneneHHBIX BoslokoH BKM u crnenmduueckmnx
KJIETOYHBIX 3JIEMEHTOB B HEPBHOM TKAaHU YacCTO MC-
MOJIL3YIOT pacTBOPLI cojieit cepedpa. B Ipunoxenun
MepeuymrcaeHbl BaXKHEHUIIMe METOIMKU OKpallluBaHMSI,
HCITOJIb30BaHHbIC MPU M3TOTOBJICHUN OOJBIIMHCTBA
TpenapaToB, MPEeACTaBIEHHBIX HA CBETOBBIX MUKPO-
(ororpacusix B aTolt KHUTE.

W3srorosneHue npenapara, oT pUKcaluy TKaAHU 10
ero M3y4eHUs C IMOMOIIbIO CBETOBOIO MUKPOCKOTIIA,
MOXET 3aHsSITh OT 12 4 10 2,5 IHS B 3aBUCUMOCTHU OT
pa3Mepa TKaHeBOTo obpaslia, XapakTepa 3aJJMBOYHOMN
cpenbl U criocoba okpainuBaHus. [Tociaennuit mar mne-
pen m3ydeHneM IIperiapara ImoJ MUKPOCKOIIOM — 3a-
KJTroueHue (MOHTUPOBaHNE) Cpe3a B IIPO3pavyHyIo Kiie-
SIIYIO Cpeny U MOMEIIeHHME TTOBePX Hero 3alldTHOIO
ITOKPOBHOTI'O CTEKJIA.

CBETOBAA MUKPOCKOMNMA

OObIUHAsi MUKPOCKOITUSI B CBETJIOM MoJIe U Ooiee
crelMaau3upoBaHHble METOOUKU, TaKue Kak (hJyo-

asa 1. [uctonorva n ncnoJsibsyemble B Hen MeTOoAbl nccnenoBaHMA

pecueHTHasl, (pa30BO-KOHTpacTHasi, KOH(OKalbHas 1
MOJIIPU3ALIMOHHAS MUKPOCKOITMSI — BCE OHU OCHOBA-
HbI Ha B3aMMOJIEMCTBUM CBETa C TKAHEBBIMU KOMIIO-
HEHTaMU 1 UCIOJIb3YIOTCS 7151 BBISIBJCHMS U U3yYEHUS
XapaKTEPUCTUK TKAHEW.

MuKpocKonua B CBeTIOM none

C ITOMOIIIBIO0 MUKPOCKOIIA CBETJIOTO MOJIS MCCIICAYIOT
OKpalleHHbIe TKaHU, IIPYU 3TOM Yepe3 Iperapar mpoxo-
IUT OOBIYHBIN cBeT. Kak moka3zaHo Ha puc. 1.3, MUKpo-
CKOII BKJTIOYAET ONTUUYECKYIO CUCTEMY U MEXaHU3MBI
IUJ1s1 TiepeMenieHus U poKycrupoBKM npemnapara. Onru-
YECKUMHU KOMITOHEHTaMU SIBJISIIOTCSI KOHIIEHCOoP, (hOKY-
CHPYIOIINII CBET Ha 00BEKTE, TTOIIEKAIIeM U3YICHUIO;
JINH3a 00BeKTHBA, YBEJIMIMBAIOIIAS 1 TTPOCLIMPYIOIAsT
n3o00paxkeHre 00beKTa B HalpaBJIeHUU K HabJoaaTe-
JII0; U OKyJsIp (MUIM OKYJISIpHAsl JIMH3a), 00ecIieunBa-
o11as JajbHelllee yBeaIuueHue 3TOro U300pakeHust
U €ro IMpoeKIMI0 Ha CeTyaTKy HaOaromaTeas WM Ha
mpuodop ¢ 3apsinoBoii cBa3bio (I13C), BEICOKOUYBCTBU -
TEJbHBIN K HU3KUM YPOBHSIM OCBEIIICHHOCTU M CHA0-
JKEHHbIN KaMepoii 1 MoHUTOpoM. O0liiee yBeIudeHue
MOJTy4aeTCsl IMyTeM YMHOXKEHUS] YBEIUINUTEIbHO CIT0-
COOHOCTH JTMH3 O0BEKTUBA U OKYJISIpa.

Kputnyeckum ¢hakTopoM B MOJTYYEHUU YETKO-
ro, J1eTaJbHOT0 M300paxkKeHMsI ¢ TIOMOIIbIO CBETOBOTO
MUKPOCKOIIA CJIYXKUT €r0 pPa3pemaimas croco0HOCTh
(paspemrenue), onpenesiieMast Kak HaMEHbIIIee pac-
CTOSIHUE MEXIy ABYMSI CTPYKTypaMu, Ha KOTOPOM
OHM BUIHBI KaK OTIEIbHBIE O0BEKTH. MakcuMaibHasI
pas3pelrarmas ClIoCOOHOCTh CBETOBOTO MUKPOCKOTIA
cocTapisgeT npuoausuteabHo 0,2 MKM; oHa obecrie-
YUBaET Xopolllee n3odpaxeHue rpu yseanaeHuu 1000—
1500 pa3. O0BEKTHI, MeJIbue WK TOHBIIE 9eM (0,2 MKM
(Takue Kak oTnefbHass pubocoMa Uan LUTOIIa3MaTH -
YECKUI MUKPODUIAMEHT), TIPU UCTIOJIH30BaHUH 3TOTO
puoOopa pa3TNINTh HEBO3MOXKHO. AHAJIOTUIHEIM 00-
pa30M IBE CTPYKTYPbl, TaK1e KaK MUTOXOHIPUU, OYyIyT
BBINJISIICTD KaK €AUHBIN 00BEKT, €CJIU pa3aesioliee UxX
paccrostHue cocTaBisieT MeHee 0,2 MkM. Paspermaro-
IIast CIOCOOHOCTh MUKPOCKOIIA OTIpeIesIsieT KaueCTBO
€ro U300pakeHust — ero YeTKOCTh M OOraTCTBO AeTajieii
¥ 3aBHCHUT TJIaBHBIM 00pa30M OT KauyecTBa JIMH3bI eTo
00BEKTUBA. YBEIMUYCHNE [ICHHO TOJIBKO B COUETAaHNY C
BBICOKMM pa3pelieHueM. JIMH3bl 00beKTUBA, JatolKe
0oJiee BHICOKOE yBeIMYEHUE, 00SCIICUMBAIOT TAaKXKe U
0oJiee BBICOKYIO pa3pellaroniyio crocooHocTh. JInH3a
OKYJIsIpa TOJIbKO YBEIMYMBAET U300paKeHUe, MOTyYeH-
HOE C ITOMOIIIbI0 00BEKTUBA, M HE YIydIllaeT pa3pela-
IOLYIO0 CITIOCOOHOCTb.

BupryanbHas MUKpOCKONHS, OOBIYHO UCIOJIB3ye-
Masl U1 U3YYEeHUST MUKPOCKOITMUECKUX MperapaToB B
CBETJIOM TIOJIe, OCHOBaHA Ha Ipeo0pa3oBaHN OKpa-
IIEHHBIX TIPEITapaToB TKaHEeW B IIM(POBBIE N300pake-
HUS BBICOKOTO pa3pelieHusi. OHa Mo3BoJISIET U3yJaTh
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TKaHU C MOMOIIbIO KOMITbIOTEPA WU APYTOTo HUMpO-
BOTrO yCTPOMCTBA B OTCYTCTBUE PEAIbHOTO OKpallleH-
HOTO Mpernapara uid Mukpockomna. [lpu atoii mero-
JIUKE YYaCTKU Mpernapara, JeXallero Ha nMpeaMeTHOM
CTeKJIe, «3aXBaTbIBAIOTCS» LIUGPOBBIM YCTPOWCTBOM B
BUJIE CETKU MPU PATUYHBIX YBETUUEHUSIX C [TOMOIIBIO
CTIEIMATM3UPOBAHHOTO MUKPOCKOIIA, CKAaHUPYIOIIIETO
npenapaThl, U 3alIOMUHAIOTCS B BUJIE THICSY MOCJIEIO0-
BaTeJbHBIX (DaiioB U300paXKeHU. 3aTeM porpaMm-
Hoe obecrieyeHue Mpeodpa3yeT 3TOT HAOOpP JaHHBIX
JUISI XpaHEHUsI Ha cepBepe, UCTob3ysl (hopMaT, KOTO-
pbIii 00ecTieunBaeT NOCTYII, BU3yaJIM3alMio U HaBUTa-
LIMI0 BHYTPU UCXOJHOTO CJIaii1a C TOMOIIbIO OOBIYHBIX
Be0-Opay3epoB WM Apyrux ycrpoiicts. Obnanas mpe-
UMYIIECTBAMU B CTOUMOCTU 1 TIPOCTOTE MPUMEHEHMUSI,
BUPTYyaJibHAs MUKPOCKOIUSI OBICTPO 3aMEHSIET CBETO-
BbIe MUKPOCKOITBI Y KOJUIEKIIUU CTEKJISTHHBIX ITpena-
paToB B J1aOOPATOPHBIX 3aHSTUSIX 110 TUCTOJIOTUM IS
CTYACHTOB.

®nyopecueHTHas MUKpOCKONUs

Korna onpeneneHHble BelecTsa B KJIETKE 00Tyda-
FOTCSI CBETOM COOTBETCTBYIOIIEH TJIUHBI BOJHBI, OHU
U3JTy4aloT CBET C OOJIbILIEH JTUHOU BOJTHBI — SIBJICHUE,
HaszeiBaeMmoe (uryopecuennueii. [1pu dayopecuenTHoi
MHUKPOCKONNH YJaCTKW TKaHE OOBIYHO O0JIydaroTcs
yibTpacduoieToBbiM (YP) cBeTOM, a M3TyYeHUe Mpo-
HMCXOMUT B BUAMMOM YacTu criekTpa. dayopecieHTHbIe
BEIIEeCTBA KaxyTcs IpKUMU Ha TeMHOM ¢oHe. [Tpudop
U151 (DITyOpecIlieHTHON MUKPOCKOIIMU CONEPKUT UC-
TouHUK Y@ wim Apyroro cBeta U QUILTPHI, KOTOPHIE
OTOMPAIOT JIY4YM PA3IUYHBIX IJTUH BOJH, UCITyCKaeMBbIe
HabJII0JaeMbIMU BELIECTBAMU.
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Puc. 1.3. MVIKpOCKOI'I CBET/IOro MNoJiA: KOMMNOHEHTbI N X0

CBETOBbIX nyuel7|

Ha doTorpadun cBeTOBOro MMKpOCKOMa CBETIIOrO Moss
NnokKasaHbl ero MexaHuyeckmne getanu u nyTb CBeTa OT laM-
Nbl OCBELLEHWA, PACNONOXKEHHON MNOA CTOIMKOM, A0 r1as3a
Habnopatena. OnTuyeckan cMctema COCTOUT U3 TPEX KOM-
NNIEKTOB JINH3.

m KoHfeHcaTop cobupaeT 1 GOoKycnpyeT KOHYC CBETa, KO-
TOpPbIV OCBELLAET NPeAMETHOE CTEKIIO Ha CTOJIMKE.

= O6beKTUBbI yBEIMUMBAIOT U MPOELNPYIOT OCBeLleHHoe
n3obpaxeHre obbekTa Ha oKynAp. BaavmosameHse-
Mble 0OBbEKTUBbI C Pas3nnyYHbIMN yBENNYEHNAMMN, 06bly-
HO MCMonb3yemble B FMCTONOrWKW, BKOYAOT X4 anA
n3yyeHnsa 60nbLUOM NNoLWaAn (MonA) TKAHU MPU HU3KOM
yBenunueHuu; X10 — ana cpegHero yBemyeHna MeHb-
wero nosns; x40 — AnA BbICOKOro yBenuuyeHus bonee
LeTanbHbIX obnacTtein.

m [IBa OKynApa yBeNMYMBalOT 3TO M300paxeHue ele B
10 pa3 1 npoeuupyoT ero Habnogatesnto; obLyee ysenu-
yeHue nosyydaetca x40, X100 nnn x400
(Ucnone3osaH c paspewerus Nikon Instruments)

B kauecTBe (h1yopeclieHTHBIX KpacuTeaeid MOTYT
OBITh TIPUMEHEHBI (JIYOPECUEHTHBIE COCIMHEHUS,
UMEIOIINE CPOACTBO K CIEUNPUUESCKUM KICTOTHBIM
MakpomosiekyaaM. [IpruMepoM MOXeT CITyXXKUTh aKpu-
TMHOBBINA OpaHXXeBbI, KOTOPbIN CBSI3bIBAETCSI KakK C
JAHK, Tak u ¢ PHK. I'pu Habmonenuu noa gJyopec-
LEHTHBIM MUKPOCKOIIOM 3TH HYKJICMHOBBIC KUCIOTHI
WCITyCKAIOT HECKOJIbKO MHYIO (DJIyOpECIeHIINIO, YTO
MO3BOJISIET JIOKAJIM30BaTh MX B KJIETKaX IO OTIENb-
HoctH (puc. 1.4, a). Apyrue coenuHeHUsI, TaKUe KakK
DAPI (4',6-nuamMmuHo-2-OeHWIMHIO0I) U KpacuTesb
Hoechst, ciemmdnuecku cBs3pBaoTcs ¢ JHK un nc-
TIOJTB3YIOTCS IIJTISI OKPAITBaHWS KJIETOUHBIX SIIEp, MC-
MycKasl XapakKTepHYIO CHHIOI (hJyOpeCUEeHIIMIO MO
Y®-uznyuyenneM. Eie ogHO BaxkHOE NMpUMEHEHHE
ayopecleHTHOM MUKPOCKOITMHU 3aKJII0YaeTCs B IIPU-
COEIMHEHUN TaKWX BEIIeCTB, KakK (iyopeclenH, K
MOJIEKYyJIaM, KOTOpbIe CHeIMMUIECKN CBSI3bIBAIOTCS
C ONpeJe/leHHbBIMU KJETOYHBIMU KOMIIOHEHTAMMU U
TakKUM 00pa3oM IMO3BOJISIOT UASHTU(PULIUPOBATh 3TU
CTPYKTYpPHI MMOJ MUKpockorioMm (puc. 1.4, 6). AHTU-
Teaa, MeYeHHbIe (hIyOpeCIIeHTHBIMU COETMHEHUSIMU,
Ype3BbIYAHO BaXKHbBI TPU UMMYHOTHCTOJOTHUYECKOM
oKpalIuBaHuU (CcM. pasaen «Busyaausaius KOHKpeT-
HBIX MOJICKYJT»).

®a3OBO-KOHTpaCTHaﬂ MUKpocKonna

HeoxkpanieHHbIe KJIETKU U CPe3bl TKAHEH, KOTOpbIe
0OBIYHO MPO3PAYHBbI U OECLIBETHBI, MOXHO U3y4aTh C
ITOMOIIBIO 3TUX MOAUGULIMPOBAHHBIX CBETOBBIX MU-
KpockorioB. KyleTouHble feTasn 0ObIYHO TPYIHO YBU-
JIeTh B HEOKPAIIEHHbBIX TKAHSIX TOTOMY, YTO BCE YacCTH
o0Opasiia UMEIOT MPUMEPHO OIMHAKOBYIO ONTUYECKYIO
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Puc. 1.4. CtpoeHue Kneto

KOMMOHEHTbI KNeTOK 4acTo OKPalUMBAlOT COEAUHEHUAMM,
BUAVMBIMU NP G1yopecLeHTHOW MUKPOCKONUN.

(a) AKpVANHOBBIN OPaHXKEBbIV CBA3bIBAETCA C HYKNENHOBbI-
MU Kncnotamu, B pesynbtate yero [1HK B agpax (A) knetok
NoYeyHOro KaHanbLa N3nyyaeT »enTbl cBeT, a 6oratas PHK
ymtonnasma (P) — opaHXeBbii.

(6) KynbTrBMpYyemble KneTku, okpaweHbl DAPI (4', 6-gua-
MUHO-2-GEeHNNANHAONOM), KOTOpbIn cBA3biBaeTcA ¢ [HK,
n dnyopecuenH GaniouanHoOM, KOTOPbIA CBA3bIBAETCA C

IOTHOCTH. JisT )a30BO-KOHTPACTHOWH MUKPOCKONNH,
OITHAKO, TIPUMEHSIOT CUCTeMY JIMH3, KOTOPast 1aeT BU-
IUMBble U300paxkeHUsI MPO3pavyHbIX OOBEKTOB U, UTO
BaXKHO, MOKET ObITh UCITOJIb30BaHAa [IsI U3YYEHMST KU -
BBIX, KYJIbTUBUPYEMBIX KIETOK (puc. 1.5).
Da30B0-KOHTpACTHASE MUKPOCKOIIMSI OCHOBAaHA Ha
TMPUHIINIIE U3BMEHEHUST CKOPOCTHU CBETA TIPU TTPOXOK-
JNIEHUU Yepe3 KJIETOYHbIC U BHEKJIETOUHbIE CTPYKTYPbI
C Pa3IMYHBIMU MOKa3aTeJISIMU TIPETOMIICHMS. DTU U3-
MEHEHUSI UCTIOIb3YIOT B cCTeMe (ha30BOro KOHTPACTA,
B KOTOPOIT OMHU CTPYKTYPHI BBITJISIASIT CBETIIEE, a IPY-
e — TeMHee ApYT OTHOCUTEIbHO npyra. Ma3zoBo-KoH-
TPacTHbIE MUKPOCKOITBI IPENCTABISIOT COOOI BaXHbIE
npubopbl BO BCeX J1abopaTOPHUIX KyJIbTUBUPOBAHUS
KJIETOK, TIOCKOJbKY OHM ITO3BOJISIIOT MCCIIENOBaTh
KJ1eTku 6e3 (pukcaunu uiu okpamubaHus. Mogudu-
Kanuei (ha30Bo-KOHTPACTHON MUKPOCKOITMY SIBJISIETCS
IuddepeHiLMaibHas UHTep(hepeHIMOHHAs! KOHTPACT-
Hasi MUKpOCKoIus ¢ onTukoii Homapckoro, Kotopas

dnyopecLeHTHOWM MUKPOCKOMNM

Mnaea 1. [cTONOrUsA 1 UCNoNb3yemble B Heil MeTOAbl UCCIIeOBaHMsA

AKTUHOBbBIMU HUTAMU. BraHbl Aafpa, fawowme cuHoto ¢nyo-
pecueHLMIo, N aKTUHOBbIE HUTW, OKPaLLUEeHHbIe B 3e/IeHbli
LBeT. XOpOLO 3aMeTHbl BaXHble OCOBEHHOCTW CTPOEHWUA
KIeTOK, TaKue KaK 60sbLias NIoTHOCTb MUKPOdUIaMeHTOB
Ha nepudepun Knetkn (obe mukpodoTtorpadun cgenaHol
npu x500)

(Puc. 1.4, 6 ucnonb3o8aH c paspeweHus 0okmopos Knap E.
Banuak u PaHusa Pu3k, MeduyuHckul ¢pakynbmem YHugepcu-
mema VIHouaHel, biymuramoH, CLUA)

JaeT N300paxkeHue KUBBIX KJIETOK ¢ 60JIee OYeBUIHbBI-
Mu TpexmepHbIM (3D) acbdekTom (puc. 1.5, 6).

KoHdokanbHaa Mukpockonus

[Ipu Mcronbp30BaHUKM OOBIYHOTO MUKPOCKOIIA CO
CBETJIBIM TIOJIEM TTyYOK CBETa OTHOCUTEIHHO BEJINK
U 3arojiHgeT obpasell. PaccestHHBINM (M30BITOUHBIN)
CBET CHMKAeT KOHTPACTHOCTh M300paXKeHUsI U YXyI-
IIaeT pa3pelIaolnyio ClIOCOOHOCTh TMH3BI OOBEKTHBA.
KondokanbHas Mukpockonus (puc. 1.6) mo3BoJsier
n30exaTh 3TUX MPOOJIEM M JOCTUYbL BBICOKOTO pas-
pelieHrus M pe3Koil (OKYCUPOBKU, MCIIOJIb3Ysl He-
0OJIBLLIOI TOYSUHBI UCTOYHUK BICOKOMHTEHCUBHOTO
CBETa, YaCTO M3JIy4aeMOTO JIa3epoM, 1 TTACTHHY C TO-
YEUHBIM OTBEPCTUEM TIEPET IETEKTOPOM M300pakeHNSI.
ToueuHblil NICTOYHUK CBeTa, (hOKYCHAsI TOUKA OOBEK-
THBa U TOYEYHAs allepTypa METEKTopa ONTUYECKU CO-
TMIPSDKEHBI UM BEIPOBHEHBI IPYT C IPYTOM B (hOKaJIbHOM
(koH(MOKaATBHOI) MIOCKOCTU, TTpUYEM HeC(POKYCUpPO-
BaHHBIIA CBET HE IIPOXOIUT Yepe3 TOUCYHOE OTBEPCTHE.
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Puc. 1.5. BHewWwHWI BUS HEOKPALLEHHDbIX KITETOK MPW TPEX TUMAaX CBETOBOW MUKPOCKOMUN

’KviBble KNETKN HEPBHOro rpebHs, pacTywme B KynbType,
MMeIOT HEOAVHAKOBBIN BUA NMPU PasNYHbIX METOAAX CBETO-
BOW MUKPOCKONUW. 38eCb 00HO U MO Xe NoJie HeoKpaLleH-
HbIX KNeTOK, BKMouas Ase AnddepeHUmpyemble MUrMeHT-
Hble KNeTKM, MOKa3aHo C NCMONb30BaHNEM TPEX Pa3fINUHbIX
MeToL 0B (Bce MuKpodoTorpadum nonyyeHbl npu x200):

(@) MMKpocKkonun B cBeTnoM nosie — 6e3 duKcaummn u
OKpalUMBaHMWA BUAHbBI TONIbKO [iBE MUTMEHTHbIE KNETKM;

(6) $pa30BO-KOHTPACTHON MUKPOCKONNMN — rPaHuLbl Kile-
TOK, Afpa 1 LMTONNasmMaTMyeckme CTpYKTypbl C pasnnyHbIMU
rokasaTenAaMmn NPerioMIeHNA NO-PasHOMY BIIMAIOT Ha CUH-

DTO 3HAUUTENIBHO YJIydlllaeT pa3pelieHre o0beKTa B
(okyce 1 MO3BOJISIET JOKAIU30BATH KOMIIOHEHTHI 00-
pasiia ¢ ropas3no 00Jbliiell TOYHOCThIO, YeM MPU MpHU-
MEHEHUU MUKPOCKOIIA CO CBETJIBIM TTOJIEM.
KonoxaabHbIe MUKPOCKOITBI BKITIOUAIOT KOMITbIO-
TEPHYIO 3ePKAJIbHYIO CUCTEMY (CBETOMETUTENb) s
aBTOMATUYECKOTO M OBICTPOTO MepeMelleHUs TOYKU
ocBelieHusT 1o obpasity. Lludposbsie nzodbpaxeHus,
CHSIThIE BO MHOTUX OTAEJIbHBIX TOYKAX B OUEHb TOHKOIA
MJIOCKOCTH (DOKYCUPOBKU, UCITOTB3YIOT JIJIsT TTOJTyYe-
HUS «ONTUYECKOTO ceYeHuUs » ITOM miockocTu. Co3na-
HME TaKMX ONTUYECKUX CEUeHUN B cepuu (PoKaTbHBIX
MJIOCKOCTe! CKBO3b 00pa3el] Mo3BOJIsIeT MPOBECTU UX
1MdPOBYIO peKOHCTPYKIIMIO B 3D-1n300pakeHue.

MonapusaynoHHaa MUKpoOCKonua

[Monspr3amoHHass MUKPOCKOIIHUS TTO3BOJISIET pac-
MO3HaBaTh OKPAIlIEHHbIC WJIM HEOKpALIEHHbIE CTPYK-
TYpBI, COCTOSILIIME U3 BLICOKOOPTaHM30BAHHBIX CYOb-
enqnHni. Korma HoOpManbHBIN CBET MPOXOAUT depe3
NOJIAPU3ANMOHHDBIN (PUIIBTP, OH BBIXOAUT, KOJIEOISICh
TOJILKO B OHOM HampaBieHuu. Eciu Bropoii ¢punbTp
TOMEIICH B MUKPOCKOTI HaJl TICPBBIM, IIPUYEM €TO TIaB-
Hasl OCh IEPIEHANKYJ/ISIpHA TTIEPBOMY (DMIIBTPY, TO CBET
yepe3 Hero He IpoxoauT. OQHAKO eCIv MEXIy IBYMsI
MOJISIPU3ALMOHHBIMA (PUJIBTPAMU PACTIONIOXEHBI TKa-
HeBBIe KOMITOHEHTHI, CoAepKallie OpUeHTUPOBaHHBIE
MaKpOMOJIEKYJIbI, TO X IOBTOPSIIOIIMECS JIEMEHThI

basHbIf CBET 1 faloT M306paXeHre 3TUX CTPYKTYp BO 8cex
KneTkax;

(e) andpepeHumanbHO NHTEPDEPEHLIOHHO KOHTPACT-
HOI MUKPOCKONUUN — JeTaiv KNEeTOYHOrO CTPOEeHWsA Bblgens-
I0TCA MO-APYroMy Npy UCMOsIb30BaHUM ONTUKKM Homapckoro.
(Da30BO-KOHTPACTHYIO MUKpOcKonuvio ¢ anddepeHLmanbHON
nHTepdepeHumen nnm 6e3 Hee LWNPOKO MCMOMb3YOT ANA Ha-
6MI0AEHUA XKUBbIX KITETOK, PACTYLLMX B KY/IbType TKaHel
(Wicnonb3osaHo ¢ paspeweHus 0okmopa LLleppu Podxepc, ka-
¢hedpa knemoyHol 6uonoeuu u ¢husuosozul, YHusepcumem
Hoto-Mekcuko, Anbbykepke, Hoto-Mekcuko)

BpAaIllalOT OCh CBETA, BBIXOAAIIECIO M3 MOJISIPU3aTOPA,
W OHU BBITISASAT KakK SIpKUe CTPYKTYPHI Ha TEMHOM
done (puc. 1.7). CriocobHOCTh BpalllaTh HallpaBJe-
HUE KoJIeOaHUI1 MOJISIPU30BAHHOTO CBETa HA3bIBACTCS
JIByJTydyenpeioMieHueM (IBOMHBIM JIydenpeaoMIeHueM)
U SIBJISIETCS XapaKTepHOM YepTOi KPUCTATIUMYECKUX
COCIMHEHMI MJIN BEIIECTB, COACPXKAIIUX BEICOKO OPH-
€HTUPOBAHHBIE MOJIEKYJIbI, TaKMe KaK IeJIII0JIo3a,
KOJUIareH, MUKpPOTPYOOUYKHU ¥ aKTUHOBBIE (PUTIaAMEHTHI.

D PeKTUBHOCTH BCEX METOIOB CBETOBOM MHUKPO-
CKOITMY OYeHb CHJILHO TTOBBICHJIACH 32 CYET MCITOJb-
30BaHus HUPPOBLIX Kamep. MHorue aetanu ouud-
POBAaHHBIX TUCTOJIOTHYECKUX M300paKeHUIT MOXKHO
MpOoaHaJIM3MPOBaTh KOJUIECTBEHHO, TIPUMEHSISI COOT-
BETCTBYIOIIEE MporpaMMHoe obecrieueHre. Bo3aMox-
HO TaKXe YIydIIeHNe KauecTBa TaKUX N300paKeHUIA,
B pe3yJibTaTe 4ero o0beKThbl, HETIOCPEICTBEHHO He-
BUIMMbIC Yepe3 OKYJISpPbl, MOTYT ObITh M3YYEHBI Ha
MOHUTOPE.

JIEKTPOHHAA MUKPOCKONAA

TpaHcMUCCMOHHBIC I CKAHUPYIOIINE 3JICKTPOHHBIC
MUWKPOCKOITBI OCHOBAaHBI Ha B3aMMOAECHCTBUN KOMIIO-
HEHTOB TKaHU C ITydKaMU 3JIEKTPOHOB. JIJIMHA BOJIHBI
B DJICGKTPOHHOM ITyYKe HAMHOIO KOpoue, 4eM IJIMHA
BOJTHBI CBETA, YTO TTO3BOJISICT YBEJIMUNTH pa3pelIcHUE B
1000 pas.
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Puc. 1.6. MNpriHUMN KoH$OKaNbHOM MUKPO!

Mpv faHHOM MeTofle MUKPOCKOMWMN OYEHb MasieHbKOe
MATHO CBETa, UCXOoAdllee M3 OAHON MIIOCKOCTU Cpes3a,
MPOXOAUT Uepe3 Mefikoe OTBepCTUe 1 AOCTUraeT peru-
CTpuUpyioLlero ycTponcTea (AeTekTopa), a Jiyuum, Mcxo-
AAlmne U3 Apyrux naocKocTer, 6N1oKNPYIOTCA LWTOPKOM.
Takum o6bpa3om, ofHOBpeMeHHO B ¢$oOKyc nomagaer
TOJIbKO OiHA OYEHb TOHKAsA NNOCKOCTb ob6pasua. Ha cxe-
Me TMOKa3aHO PacrosfioKeHne Y3108 KOHGMOKanbHOro
MUKpocKona. CBET OT fIa3epHOro UCTOYHMKA Monagaert
Ha obpasel 1 oTpaxkaeTcsa oT Hero. CBeTogenuTeNb Ha-
MPaBfsfeT OTPAXKEHHbIN CBET B TOUYEUHOE OTBepCTue U
netekTop. CBeT, OTPaXKeHHbIN OT KOMMOHEHTOB 06pas-
La, KOTOpble HAXOAATCA Bbllwe WAN HuKe (OKaNbHOMN
MA0CKOCTY, GNOKMPYeTCs LITOPKON. Jlasep cKaHupyeT
obpasel Takum o6pa3om, UYTO MOXKHO HabnaaTb ero
6onbluyio Nnowanb

TpaHCMNCCMOHHAA 3NEeKTPOHHaA
MUKpocKonus

TpaHCMHCCHOHHBINA, WJIM MPOCBEUMBAIOIINIMA, 3JIEK-
TPOHHBIN MuKpockon (TOM) — 3To cucTema BU3ya-
JIN3alUU U300pakeHusi, KOTopas 00ecrieuyrnBaeT pa3-
pelieHUe okojio 3 HM. Takoe BbICOKOE pa3pelleHHue
MO3BOJISIET U3y4yaTh NeTadud CTPOCHUS W30JUPOBaAH-
HbIX yactull nipu yBeamdenuu o 400 Teic. pa3. Kak
npaBuio, ¢ moMoubio TOM u3yyaroT oueHb TOHKHE

Puc. 1.7. Bug tKaHn npn NCNoJib30BaHUN MUKPOCKONUN
B CBETJIOM none n ﬂOJ'IFlpVI3aLWIOHHOI7I MUKpocKkonunn

MonAapusaumoHHaa cBeTOBaA MUKPOCKOMMUA [aeT M130-
6parkeHne TONbKO MaTepurasna, MMeloLWero NoBTOPALLY-
10CAA, MEePUOANYECKYI0 MaKpPOMOJEKYNAPHYIO CTPYKTYpPY;
yyacTKu, He obnafatoLime Takon CTPYKTYPON, He BUAHDI.
Kycoukn TOHKOW, He MOABEpPrHyTon pe3ke OpbhKenku
OKpaLUMBann KpacHbIM MUKPOCUPUYCOM, OPCEVHOM U re-
MaTOKCUIMHOM, NMOMELLann Ha NpeAMeTHble CTeKna 1 Ha-
6511051 C NOMOLLbIO MUKPOCKOMMUU B CBETSIOM rosie (a) u
nonAp13aLnoHHoN (6) MUKpoCcKonuu:

(@) npy MMKpOCKONUK B CBETIOM MOJ1e KOJTareHoBble BO-
NOKHA BbIrNALAT KPAaCHbIMY, @ TOHKME 3M1acTMYecKme BO-
NOKHa U Afpa KNeTok — 6onee TeMHbIMU (X40);

(6) Npu NONAPU3aLMOHHOWN MUKPOCKONUY BUAHBI TOJIbKO
KOJINlareHoBble BOJIOKHA, KOTOpble 06/1afaloT MHTEHCUB-
HbIM XeNTbIM I OPaH>KeBbIM ABYNTyYernpenomineHnem
(a — x40; 6 — x100)

(40—90 HM) cpe3bl TKaHe, 3ATUTHIX B CMOJTY, TIPU YBE-
JinyeHuun puMepHo 1o 120 Teic. pas.

Ha puc. 1.8, a mokazaHbl KOMOOHEHTHl TOM u
O0OBSICHEHBI OCHOBHBIE TIPUHIIUITHI €T0 PAGOTHI: IMy4OK
3JIEKTPOHOB, C(DOKYCHPOBAHHBII C IIOMOILbIO 3JIEKTPO-
MarHUTHBIX «<IMH3», IPOXOAUT Yepe3 Cpe3 TKaHU U JTaeT
n300paKeHre, BKIIOYAIOIIee yYacTKU, OKpaIlIeHHbBIE
B YEpHBIi1, OCJIbIA 1IBETA 1 MPOMEXYTOYHbIE OTTEHKU
ceporo. DTu 00JacTU JIEKTPOHHON MUKpodoTOorpa-
(1M COOTBETCTBYIOT yyacTKaM TKaHU, Yepe3 KOTOPhIE



3JIEKTPOHBI MMPOXOIUIIN JIETKO (OHU UMEIOT OoJiee CBeT-
JIBIiA, 37IEKTPOHHO-TIPO3PAYHEIN BUIT), U yIaCTKaM, TIIe
3JIEKTPOHBI MTOIJIOIIAINCH WK OTKJIOHSUIMCH (BBITJISI-
IISIT TEMHEe — MMEIOT 00Jjiee BBICOKYIO 3JIEKTPOHHYIO
TUTOTHOCTB). JIJ1s1 yITydIIieH1sT KOHTpAcTa U pa3pereHust

T DneKTpoHHas

Katon

AHop

~/ MepnHas ceTka

JlnH3a KoHaeHcopa C Tpems cpe3amu

LepxaTtenb

JInH3a o6bekTnBa obpasua

KonoHHa
[MpomexyTouHas
NNH3a

T3M-usobpaxeHne
JInH3a npoekTopa

M306paxeHre
Ha 3KpaHe
npocmoTpa

DNeKTPOHHbIIA
LeTeKkTop
c MN3C-kamepoir

a
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TOM B (pukcupyolme Win AeruapaTupyroliime pac-
TBOPBHI, UICTTIOJIb3YeMBIE IS TIOATOTOBKY TKaHEH, 4aCTO
JIOOABJISIOT COCIMHEHUS C HOHAMH TSIKEJIBIX METAJLIOB.
K HMM OTHOCSITCSI TETPOKCU (YETBIPEXOKUCH) OCMUSI,
LIMTPaT CBUHIIA U COCIMHEHUS ypaHWIa, KOTOpbIE

DneKTpOHHas
Katop nyuka
AHoOp
JInHza
KonoHHa
JInnHza
[etekTop
Canep 3N1EeKTPOHOB
JlnH3a COM-usobpaxeHune
Obpa3zel,

Puic. 1.8. neKTpOHHbIE MUKPOCKOMbI

DNeKTPOHHbIE MUKPOCKOMbl — 3TO KpynHble Mnpubopbl,
06bI4YHO pa3melliaemble B CneLman3npoBaHHbIX SEKTPOHHO-
MUKPOCKOMMYECKKX nabopaTopusx.

(a) CxemaTryeckoe 1306paxkeHne OCHOBHbIX KOMMOHEHTOB
TPaHCMUCCMOHHOTO 3MIEKTPOHHOFO MUKPOCKOMa, KOMMO-
HOBKa KOTOPOrO HamOMVHAEeT MepeBepPHYTLI BBEPX AHOM
CBETOBOW MMKPOCKONM. B KONOHHE MMKpOCKomna B YCIOBUAX
BaKyyma MeTannmyeckas (06bl4HO BonbdpamoBast) HATb Ha-
Kana (KaTop) CBepXy UCMyCKaeT 3/1IeKTPOHbI, KOTOpble nepe-
MELLAIOTCA K aHOZY C YCKOPAILWMUM HanpsiKeHneM MexXay
60 1 120 KB. SneKkTpoHbI, NpoxoAALine Yyepe3 OTBepCTUE B
aHoge, GopMUPYIOT Nyy, KOTOPbI NMOABEPraeTCA 3NeKTpo-
MarHUTHOIN GOKYCMPOBKeE LIPKYIAPHbLIMU SNeKTPrUUYeCKu-
MW KaTyWKaMK, aHanormyHo TOMy, Kak ONTMYeCKMe JINH3bI
BO3[eNCTBYIOT Ha CBET.

MepBaa nvH3a npencTaBnsaeT coboi KoHaeHcop, GOKy-
cupylownii nyy Ha cpese. HekoTopble 3neKTPOHbI B3a-
MMOJENCTBYIOT C aTOMaMu B 3TOM Cpe3e, MOroWasch
WM paccerBaschb VMU B Pa3HOW CTeMeHu, B TO Bpems Kak
Apyrvie NpocTo nepeparTca yepes obpasel, 6e3 Kakoro-
NM60 B3aMMOJENCTBMA. NEeKTPOHbI, 4OCTUrAlOWMEe JINH3bI
06beKkTUBa, PopmMUpyIOT M306paXkeHne, KOoTopoe 3aTem
YBENNUYMBAETCA, U B KOHEYHOM CyeTe MpOoeLMpyloTCa Ha
dnyopecueHTHbI 3KpaH nan Npubop C 3apAAo0BON CBA-
3bl0 — MOHUTOP U Kamepy.

Ha n3o6paxeHnu, nosy4YeHHOM C MOMOLLIbIO TPAHCMUCCUOH-
HOro 3NEKTPOHHOrO MUKPOCKOMA, y4acTK/ obpasua, yepes
KOTOpble NPOXOAAT SNEKTPOHbI, BbIMNAAAT CBET/IbIMU (3n1eK-

TPOHHO-NPO3PaYHbIMK), B TO BPEMS Kak 6osiee MoTHble 06-
NacTn UK Te, KOTOPble CBA3bIBAIOT MOHbI TAXKENbIX METaNIoB
BO Bpems MOAroToBKM 06pasua, NornmowaT Uian OTKIIOHS-
IOT 2NIEKTPOHDI, UIMEIOT BUA TEMHbIX (3IEKTPOHHO-MNOTHbIX)
yyacTKoB. VIMEHHO MO3TOMy Takue n306paxieHVA Bcerpa
cofiep»at 30Hbl, KOTOpPble OKPALUMBAOTCA B YEPHbIV, 6enbiin
LiBeTa 1 OTTEHU Ceporo.

(6) CKaHUPYIOLWNIA  SMEKTPOHHBIA  MUKPOCKON obnagaeT
MHOTVIMU TpPU3HaKaMy, CXOAHbIMM C MpPU3HAKaMK TpaHC-
MUCCUOHHOTO 3NIEKTPOHHOro MuKpockona. OfHako B CKa-
HMPYIOLLEM 3NIEKTPOHHOM MUKPOCKOMe cHOKYCMPOBAHHbII
37IeKTPOHHbIN JyY He MPOXoAuT Yepe3 obpaseL, a BMECTO
3TOro nocsiefoBaTe/lbHO nepemellaeTca (CKaHupyeT) oT
TOYKM K TOUKE M0 BCeli ero MOBEPXHOCTY MOJOOHO TOMY, KaK
3MIEKTPOHHDIN Jy4Y CKaHWPYET TeNIeBU3VOHHY TPYOKY Mu
3KpaH. O6pa3subl AnA CKaHPYIOLLEro NeKTPOHHOro MUKPO-
CKOMa MOKPbIBAIOT aTOMaMM MeTasifa, C KOTOPbIMU B3aMMO-
[eliCTBYeT My4yOK 3JIEKTPOHOB, MPOV3BOAA OTPAXKEHHble
371eKTPOHbI U BHOBb WCMYCKaeMble BTOPUYHbIE SNEKTPOHbI.
Bce oHM ynaBnuBaioTCA [ETEKTOPOM, NepesaoTca B yCUIu-
Tenu 1 obpabaTbiBaloTCA, B pe3ynbTaTe Ha SKpaHe KOMIbo-
Tepa nosyyaercs YepHo-6enoe nsobpaxeHvie. CkaHUpyto-
WA SNEKTPOHHBIA MUKPOCKON AaeT U306paxkeHre TONbKO
MOBEPXHOCTU MOKPBbITOFO HamnblieHWeM o6pasla, HO OHWU
obnagatoT nopasuTesibHbiM 3D, 3aTeHeHHbIM KayecTBOM.
CopepKumoe OpraHoB WM KIIETOK MOXHO aHanin3npoBaTh
nocsie MojlyyeHusi CPe3oB, OTKPbIBAIOLWMUX X BHYTPEHHUE
NMOBEPXHOCTU.
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CBSI3bIBAIOTCS C KJIETOYHBIMU MaKpOMOJIEKyJIaMu, T10-
BbILLIAST MIX DJIEKTPOHHYIO TUIOTHOCTb U Pa3IUYMMOCTb.

3amopaxkuBaHue-CKajdbiBanue (Kpuodpakrorpa-
¢busg) u 3amopakuBaHHe-TpPaBJIeHHe — 3TO METOIHI,
KOTOpbIE€ MO3BOJISIOT U3y4YaTh KJIeTKU nojg TOM 0e3
dukcauuu unu 3agauBku. OHU OKa3alUCh OCOOEH-
HO TIOJIE3HBIMU TTPU U3YYEHUH CTPYKTYPBI MEMOpaH.
IIpu Mcoab30BaHUU STUX METOIOB OUYCHH MaJIeHb-
Kue o0pa3libl TKaHel OBICTPO 3aMOPaKUBAIOT B JKUJI-
KOM a30Te, a 3aTeM pa3pe3aloT WJIM pacKalblBaloT
HOXOM. B BakyyMe cozmaeTcst peruimka 3aMOpPOXKEeH -
HOI OTKPHITOM ITOBEPXHOCTH IMyTEeM NCITapeHUS 1 Ha-
HEeCeHMs Ha Hee TOHKMX CJIOeB IJIaTUHBI UM aTOMOB
npyrux mertasioB. Ilocie ymnajgeHuss opraHUYeCcKO-
ro Marepuajia peruiMiKy MOBEPXHOCTU CKOJia MOXHO
uccienosath ogq TOM. B MemOpaHax ciydailiHbie
IUIOCKOCTU CKOJIa YacTO PaCIISIISIIOT JUIIMIHBIC
ouciion, obHaxasi 0eJIKOBbIe KOMIIOHEHTHI, pa3Mep,
dopmy U pacnpeaeseHrue KOTOPbIX TPYAHO U3YYUTh
IPYTUMU METOITaMM.

CKaHupyouwas SneKTpoHHas
MUKpocKonusa

CkaHupylolasi 3JeKTPOHHAass MUKPOCKOIUS MO-
3BOJISIET MMOJTYYUTh M300pakeHre MMOBEPXHOCTH KIIETOK,
TKaHell U OpraHoB C BBICOKMM paspeleHueMm. Kak u
B TOM, B ckaHUpYIOIIeM 3JIEKTPOHHOM MUKPOCKO-
ne oopasyercsd U HOKYCUPYETCS OUYEeHb Y3KUI My4OK

7 ¥
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Mnaea 1. [cTONOrUsA 1 UCNoNb3yemble B Heil MeTOAbl UCCIIeOBaHMsA

3JIEKTPOHOB, HO B HEM OH HE IIPOXOAUT CKBO3b 00pa-
3el (puc. 1.8, 6). BMecTo 3TOro moBepxHocTh 00pasia
CHayvaJia BBICYIIMBAIOT M IyTeM HaIlbUICHUS ITOKPHI-
BalOT OYEHb TOHKMM CJIOE€M TSDKEJIOro MeTajlia (4acTo
30J10Ta), KOTOPBIA OTpaxKaeT 3JIEKTPOHbI JIyda, CKaHU-
pytoiero oopaser. OTpaxkeHHbIE 3JIEKTPOHBI YJIaBIN-
BalOTCsI IE€TEKTOPOM, IPOM3BO/sI CUTHAJIBI, KOTOPbIE
00pabaThIBAOTCS U MPEoOpa3yrTCs B YepHO-0e1oe
n3obpaxenue. M3obpaxeHus, MoIydeHHBIC C ITOMO-
LIbI0 CKAHUPYIOLIET0 3JEKTPOHHOIO MUKPOCKOIIA,
OOBIYHO JIETKO MHTEPIIPETUPOBATh, IIOTOMY YTO OHU
HMMEIOT BUJ TPEXMEPHBIX CTPYKTYP, KOTOPbIE KaXKyTCsI
OCBCIICHHBIMH TaKMM € 00pa3oM, KaK M OOJIbIINIE
00BEKTHI, — Ha HUX BBISIBJISTIOTCS SIPKO OCBEILICHHBIC
YYaCTKH U TCHU.

ABTOPAQUNOIPAOUA

Mukpockonuueckas apropaauorpagusi — 310 Me-
TOJI TIOKAJIU3ALIM ¥ BHOBb CUHTE3MPOBAHHBIX MAaKPOMO-
JIEKYJI B KJIETKAX WIM TKAaHEBBIX cpe3ax. MeTaOoIuThI,
MEUEeHHbIE PAJVMOAKTUBHBIMU M30TOMAaMM (HYKJIEO-
TUABI, aMUHOKUCIOTHI, caxapa), TMOCTymamliue B
JKUBBIE KJIETKU, BKJIIOYAIOTCSI B crienurIecKue mMa-
kpoMmoJiekynel (JIHK, PHK, 0enku, rauKonpoTenHbI
U TIOJTMCAaxapyuibl) U UCIYCKAIOT ciaboe M3iyuyeHue,
OrpaHWYEHHOE TeMU YJaCTKaMM, TJe PacTOJIOXKEHBI
Mosiekynbl. [IpenapaThel ¢ KJIeTKaMy WJIU Cpe3aMu

Puc. 1.9. Mukpockonunyeckasn aBTopag adua

ABTOpaguorpadbl — 3TO NpenapaTtbl TKAHEN, B KOTOPbIX
YacTuLbl, Ha3blBaemMble 3epHamm cepebpa, yKasbiBaloT Ha
KNETKM 1M 061acTh KNeToK, B KOTOPbIX Oblfv CMHTE3MPO-
BaHbl crieumounyeckne MakpoOMOJEKYlbl HEeNMoCpPeaCTBEHHO
nepen ¢ukcaumen. MokasaHbl aBTopaguorpadbl COHHOW
enesbl Mblly, KoTopoli BBoaunu *H-dyko3y 3a 8 u go puk-
cauumm TKaHu. QyKo3a BKIUMIacb B 0NMrocaxapugbl, a cBo-
6opHan *H-¢ykosa 6bina yaaneHa Bo Bpema duKkcauuy u
MoJTyYeHUA CpPe30B xenesbl. ABTOpaauorpadryeckas obpa-
60TKa 1 MUKPOCKOMISA NO3BOJAIT BbIABUTb PACMONIOXKEHNe
BHOBb CMHTE3UPOBAHHbIX FMKOMNPOTENHOB, COAepKaLlmx
3TOT caxap.

(a) YepHble 3epHa cepebpa 13 CBETOUYBCTBUTENILHOIO Ma-
Tepuana, HaHeCeHHOro Ha obpasel, BUAHbI Hag obnacTAMmn
KJTETOK C CeKPeTOPHbIMY FPaHynamu 1 MPOTOKOM, YKa3blBas
Ha pacrnosioXeHne rmnkonpoTenHos (X1500).

(6) B TO e TKaHW, NMOArOTOB/IEHHON Ans aBTOpaguorpa-
$un, Npy NOMOLLN TPAHCMUCCMOHHOTO SNEKTPOHHOro M-
KpOCKoMa BUIHbI cepebpsiHble 3epHa B BULE CBEPHYTbIX U
aMOPPHbBIX CTPYKTYP, TaKXKe PacrosfioXKeHHble raBHbIM 06-
pa3om Hapg rpaHynamu (I') n B npoceete xene3bl (M) (x7500)
(Puc. 1.9, 6 ucnone3o8aH ¢ paspeweHus dokmopos Tuyua-
Ho I. Jluma u A. AHmoHuo Xaddada, MeduyuHckas wkonda,
PubetipaH-lpemy, bpazunus)



TKaHel, MeYeHHbIMU U30TOIaMU, TTIOKPHIBAIOT B (POTO-
nmaboparopun GOTOIMYIbCUEH, B KOTOPOU KPUCTAILIBI
Opomuaa cepebpa AEUCTBYIOT KaK MUKPOJIETEKTOPHI
MU3JIy4eHUs] — TOYHO TakK Xe, KaK OHM pearupyloT Ha
cBeT B poTorureHke. Ilociae mocTaTOUHOTO BpeMeHH
MpeObIBaHMS B CBETOHEITPOHUIIAEMbIX KOPOOKaX Tpe-
rmapaThl «IIPOSIBJISTIOT» KaK (hOTOCHMMKM. KpucTasisl
OpoMuaa cepedpa, BOCCTAaHOBJICHHBIC MU3JTyICHUEM,
00pa3yoT MeJIKMe YepHBbIe 3epHa METAJIMYECKOIo
cepedpa, KOTOPhIE MO CBETOBBIM MUKPOCKOIIOM WJIN
TOM yka3pIBalOT Ha PacHoIOXKEHNE MEUCHHBIX pa-
MUOAKTUBHBIMM M30TOMAMU MaKpOMOJIEKYJI B TKaHU
(puc. 1.9).

C nomoubio aBTopaauorpadum OTKPLIBAETCS 10-
CTyN K 00JIbIIIOMY 00bEMY THUCTOJIOTUYECKOU MHGbOP-
mauuu. Eciau ucrnonb3yercss pandoakTUBHBIA Tpe-
mectBeHHUK JJHK (Hanmpumep, TMMUANH, MEUYCHHBII
TPUTUEM), MOXHO Y3HaTh, KakKue KJETKU B TKaHU
(1 ckonbko ux) peruuupyior JHK u rotossTcs k
JIeJieHu1o. MoryT ObITh MPOAaHAJIM3UPOBAHBI TAKXKE U
IUHamuueckue npoueccel. Hanpumep, eciu tpedy-
eTcsl y3HaTh, TIe B KJIETKE BbIpabaThIiBaeTCs OEJIOK,
CEKpPEeTUPYETCs JIM OH M KaKOB €ro MyTh B KJIETKE 0
MOMEHTA BbIIEJIEHNST, HECKOJIBKUM XKMUBOTHBIM BBOISIT
PaIMOaKTUBHYIO aMUHOKHUCIOTY U UCCIENYIOT TKaHU
CIYCTs pa3HOE BpeMsI T0ce MHBEKIUU. ABTOpaano-
rpacdus TKaHe, MOJTyYeHHBIX TTOC/IEI0BATEIbHO Yepes
olnpeneSeHHble MHTEPBaIbl BDEMEHU, YKaXXeT Ha MU-
rpaluio paaoaKTUBHBIX OCJIKOB.

KYJNIbTYPA KJIETOK U TKAHEI

KreTku u TKaHU MOXKHO COXPaHSITh B XKUBOM CO-
CTOSIHUM U MCCJIeNOBaThb BHE OpPraHM3Ma B KYJIbType
(in vitro). B opranmnsme (in vivo) KJIETKI OMBIBAIOTCST
SKUJKOCTBIO, MPOU3BOIHOM T1a3Mbl KPOBU U COJEPKA-
LIel MHOXKECTBO Pa3IMYHBIX MOJIEKYJI, HEOOXOIMMBIX
JUTSI BBDKUBaHUS 1 pocta. KynbTypa KJIeTOK Mo3BOJIsIeT
HEMOCPEICTBEHHO HA0JII0IATh 3a ITOBEACHUEM KIIETOK
o (a30BO-KOHTPACTHBIM MMKPOCKOIIOM, IIpUYEM
MHOTHE 3KCIIEPUMEHTHI, TEXHUYECKU HEBBITTOJTHUMBIC
Ha MHTAKTHBIX JKUBOTHBIX, MOT'YT OBITh OCYIIIECTBJICHBI
B YCJIOBUSIX in Vitro.

KiieTkn 1 TKaHU BBIpAIIMBAIOT B CJIOXHBIX pac-
TBOPAX C M3BECTHBIM COCTAaBOM (COJIM, aMMHOKHUCJIO-
Thl, BATAMUHBI), K KOTOPBIM J00aBJISIIOT CHIBOPOTKY
wim criendudeckue daktopsl pocta. Knetku, momi-
JiexXalme KyJbTMBUPOBAHUIO, BBIACISIOT U3 TKaHU
WJIM OpraHa MeXaHM4eCKUM WiIu (pepMEHTHBIM BO3-
NEeCTBUEM U TIOMENIAI0T B CTePUJIbHBIX YCIOBUSIX
B MPO3pavyHyIO YallKy, TAe OHM MPWJIMIIAIOT, KakK
MpaBujIo, B BUae ogHoro cios (cMm. puc. 1.5). Takue
mnpernapaTbl Ha3bIBAIOTCS MEPBUYHBIMH KJIETOYHBIMHI
KyJabTypamu. HekoTopble KJIETK MOTYT COXPaHSThCS
in vitro B TeYeHME IJIUTEIIbHBIX IIEPUOJAOB BPEMEHHU,
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IMOTOMY YTO OHU CTAHOBSATCS O€CCMEPTHBIMU U 00pa-
3YIOT IMOCTOSIHHYIO KJIETOYHYIO JJMHUIO. BoJIbIIMHCTBO
KJIETOK, MOJYYEHHBIX U3 HOPMaJIbHBIX TKaHEeU, ume-
10T KOHEYHYI0, TeHETUUECKH 3alporpaMMUPOBaHHYIO
MPOIOIKUTEIbHOCTD XKM3HU. OTHAKO HEKOTOPbIE 13-
MeHeHUs (YJaCTUYHO CBSI3aHHBIE C OHKOT€HAMU; CM.
r1aBy 3) MOTYT cIOCOOCTBOBAaTh OeCcCMEPTHIO KIETOK
B pe3yjbTaTe mpoliecca, Ha3blBaeMOIo TpaHcdopma-
1Meii, MOX0XEero Ha HayajlbHbie U3MEHEHUSI B HOP-
MaJIbHOH KJIETKE, KOTopasl IIpeBpalliacTcs B PaKOBYIO.
CoBepllIeHCTBOBaHME TEXHOJIOTUM KYJIbTUBUPOBAHUS
U UCTIONb30BaHUe crieuuduyeckux (pakTopoB pocTa
TeTiepb MO3BOJISIIOT TTOAAEPXKUBATD in Vitro OOJbIINH-
CTBO TUIIOB KJICTOK.

Kax rokaszaHo B ri1aBe 2, THKyOa11sl >KMBBIX KJIETOK
in vitro ¢ MHOXECTBOM HEIABHO IMOJYYEHHBIX (DJIyO-
DPECLIEHTHBIX COCIUMHEHUI, KOTOPhIE M3O0JUPYIOTCS U
METabOJU3UPYIOTCS B OINPEAeCHHbIX OTAeNaX KJIeT-
KU, obecrieurBaeT HOBBIM IMOAXON K MTOHMMaHUIO KakK
CTPYKTYPHOIO, TaK U (pM3UOJOTUUYECKOTO 3HAUCHUS
STUX KOMITApTMEHTOB. JIpyrue rucToioru4eckue MeTo-
IIbl UCCIIEAOBAHUSI, IPUMEHSIEMbIE K KYJIbTUBUPYEMbIM
KJIETKaM, 0Ka3aJIuch 0COOEHHO 3((PEeKTUBHBIMU JIJIST
MMOHUMAHUS PacHOI0XEeHUSI U HYHKUUN MUKPOTPY-
00YeK, MUKPODUIAMEHTOB U APYTUX KOMIIOHEHTOB
LIUTOCKEJIeTa.

»> MeAnUMHCKOE 3HaYeHne

KneTouyHas KynbTypa OUYeHb LIMPOKO UCMOb3yeTCa ANA U3y-
YeHUA MONEKYNAPHbIX N3MEHEHN, KOTOPble BCTPeYarTCa
npv pake, Ana aHanu3a Bbi3blBAKOWYMX MHGEKUMN BUPYCOB,
MUKOMJIa3M 1M HEKOTOPbIX MPOCTENLLMX, a TakXKe AnA npo-
BeAEHNA MHOTUX CTaHAAPTHbIX FTeHETUYECKUX U XPOMO-
COMHbIX aHanu3oB. Onyxonesble KNeTKW, NONyYeHHble OT
NaLMeHTKN C PAKOM LUENKM MaTKK, KOTOPYIO MO3XKe NaeH-
TMdMUMpoBany Kak FeHpueTTy JIakc, ymepLuyio oT 3Toi 60-
ne3Hn B 1951 r., 6biv NCNosb30BaHbl A1 CO34AHNA OLHOW
13 NepPBbIX KNETOYHbIX IMHNI, Ha3BaHHOM KneTKkamu Hela.
OHa [0 crX Nop NPUMEHAETCA BO BCEM MUPE ANA nccneno-
BaHUA CTPYKTYpPbl 1 GYHKLI KIETOK.

TMCTOXMNA OEPMEHTOB

I'mcroxumusa depMeHTOB (MU LIUTOXUMUSI) — 3TO
MeToa 00HAPYKEHUS KJIETOYHBIX CTPYKTYP ITyTE€M BbI-
SIBJICHUS crieundryecKoii (epMeHTHO aKTMBHOCTH,
MPUCYTCTBYIOLIEH B 3TUX CTpyKTypax. st coxpaHe-
HUsI SHIOTEHHBIX (PEePMEHTOB MPU MCIIOJIb30BaHUU
TUCTOXMMUUYECKUX METOAOB OOBIUHO OepyT He3a-
¢uKCcUpoOBaHHbBIE WM MITKO (pMKCHUpPOBAHHBIE TKa-
HHU, KOTOPBIE PEXYT Ha KpUOCTaTe, YTOOBI U30eXKaTh
HeOJIarONpUsITHOIO BO3IEICTBUS TeIIa U OPraHM-
YeCKMX PacTBOpUTE/ICd Ha aKTUBHOCTb (pEPMEHTOB.
B rucroxumum pepmMeHTOB: 1) Cpe3bl TKaHU MOTPY-
KalT B PacTBOp, CoAepxXKalluii cydocTpaT (epMeH-
Ta, KOTOPBI TpedyeTcsl J0Kaau30BaTh; 2) pepMeHT
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Puc. 1.1 XUMUA GepPMEHTOB

(a) MukpodoTorpadma nonepeyHbiX CPe3oB MoYeYHbIX
KaHanbLeB, 06pabOoTaHHbIX FUCTOXUMMUYECKM C Lesblo
BbIAB/IEHNA LWenoYHon ¢ocdaTtasbl (C MaKcMmanbHOM
AKTUBHOCTbIO NpW WwenoyHom pH). Bbicokasa akTBHOCTb
3Toro ¢epmeHTa 06HapyKMBAETCA Ha anuKanbHbIX MO-
BEPXHOCTAX KneTok B6nau3n npocseta (M) KaHanbues
(x200).

(6) N306parkeHe, NoyYeHHOE C MOMOLLbIO TPAHCMUCCU-
OHHOrO 3JIEKTPOHHOIO MUKPOCKOMA, KNETKM MOYKU, B KO-
TOPOW FMCTOXUMMYECKM BblsiBNieHa Kuncnaa dpocdatasa B
Tpex nu3ocomax (J1) B6nvsu agpa (A). TemHbIM BeLLECTBOM
BHYTPU 3TUX CTPYKTYp ABNsieTcA docdaT CBMHLA, KOTOPbIN
0oCaXkAaeTcA B yyacTKax aKTMBHOCTM Kucnol ¢ocdatasbl
(%25 000)

(Puc. 1.10, 6 ucnonb308aH ¢ pazpeweHus 00Kkmopa 30yapoo
Ka4bypsaHa, kagpedpa mopgponoauu, GedeparnbHeili yHusep-
cumem Car-[layny, bpasunus)

Mnaea 1. [cTONOrUsA 1 UCNoNb3yemble B Heil MeTOAbl UCCIIeOBaHMsA

B3aMMOJICHCTBYET CO CBOUM cyOcTpaToM; 3) Ha cpe3
3aTeM BO3JCHCTBYIOT MapKePOM, BCTYMAIOIIUM B peak-
LI1IO ¢ TIPOIYKTOM AeiCTBUS (pepMeHTa Ha CcyOcTparT;
4) KOHEUYHbII MPOAYKT MapKepa, KOTOPBIM TOIKEH
OBITH HEPACTBOPUM UM BUACH MPU CBETOBOI WJIM 3JIEK-
TPOHHOW MUKPOCKOIMNU, 00pa3yeT ocagoK B 00JIacTU
pacnoJioxkeHus (pepMeHTOB, yKa3blBasl Ha UX JIOKaIU-
3alIMIO.
Hwuxe npuBeneHbl MpuMepbl GepMEHTOB, KOTOPHIE
MOTYT ObITh OOHAPYKEHBI THCTOXUMUYECKH
m hocarassl, ynansionime dochaTHbIE TPYIITH U3
Makpomoekyi (puc. 1.10);
® JIerMIporeHasbl, MepeHoCcs e NOHBI BOIOPOaa C
OITHOTO cyOcTpaTa Ha IpYTroii, HarpuMep, MHOTHE
epMeHTHI IMKITa TUMOHHOM KCIOTH (Kpebca);
BO3MOXHO TTPOBeIcHIE TUCTOXUMIYECKOM UICH-
THOUKAITUN 3TUX (EPMEHTOB B MUTOXOHIPUSX;
® NePOKCHIA3a, CIIOCOOCTBYIONIAs OKUCIICHUIO Cy0-
CTPATOB C MIEPEHOCOM MOHOB BOJOPO/IA Ha Tiepe-
KHCh BOAOPO/A.

»> MegNUMHCKOE 3HaYeHne

MHorune metofbl GepPMEHTHON TMCTOXUMUW NMPUMEHAIOT B
MeaVLMHCKON TabopaTopuu, BKAtoYasa peakuumto Meprca ¢
NMPYCCKUM CUHUM Ha »Kene3o (MCnonb3yloT AnA AUarHoCTU-
KW HapyLueHrin obMeHa »Kenesa, reMoxXpomMaTo3a 1 reMocu-
feposa), peakumm Ha nonucaxapugbl ¢ LUWK-amunazon un
anbLVAHOBbIM CUHUM (ONA BbIABNEHNUA FNKOreHo3a 1 My-
KOMonuncaxaprpo3a), a Takke peakuyy Ha nunugbl 1 chuH-
ronunuAapl (ons BoiABNEHMA COUHIONMNNL03A).

BU3YAJIN3ALUA
CNEUNOUNYECKUX MOJIEKY

Crnennduyeckyo MakKpOMOJEKYNy, MPUCYTCTBY-
IOIIYI0 B Cpe3e TKaHU, MOXHO TakKxKe MACHTU(DUILIU-
poBaTh C MOMOIIbIO MEUEHBIX COCAMHEHUI WU Ma-
KPOMOJIEKYJI, KOTOPBIC cheyuguueck CBI3bIBAIOTCS C
UHTepecymoleil MoyieKynoit. CoenuHeHuUs, KOTOPhIe
B3aMOIEMCTBYIOT ¢ MICKOMOM MOJIEKYJIOM, TOJIKHBI
OBITh BUTHBI O]l CBETOBBIM UJIU DJIEKTPOHHBIM MUKPO-
CKOITOM, YTO YaCTO JOCTUTAETCSI X MAapKMPOBAHUEM C
MOMOIIIbI0 OOHapyXuBaeMoit MeTku. Haumbolee pac-
MPOCTPaHEHHBIMU MapKepaMu CIyXKaT (hJIyopecleHT-
HbIE COEAMHEHUS, paIuOAKTUBHBIE aTOMbI, KOTOPBIE
MOTYT OBITh OOHAPYKEeHBI C TTOMOILbLIO aBTOpaaANOrpa-
Gbun, MONEKYJIbl MEPOKCUIA3Ll MU IPYTUX pepMeH-
TOB, BBISIBJIIEMbIE TUCTOXUMUYECKU, U METAJNIMYECKHUE
(0OBIYHO 30JI0ThIE) YACTHUIIBI, KOTOPbIE MOXKHO YBUIETh
C TIOMOILBIO CBETOBOM U 3JIEKTPOHHOM MUKPOCKOIIMHU.
DTU METOJbl MOTYT OBITh MCITOJIb30BaHbI 1JIs1 OOHApY-
JKEHMS U JIOKaIuU3aluu crielinruIeckKux caxapon, 0e-
KOB 1 HYKJIEMHOBBIX KMCJIOT.

! TucToxuMu4eckne peakiyu, TPUBOAMMBIE aBTOPOM, HeE
OTHOCSITCSI K TUCTOXUMUU (hepMeHTOB. — [Ipumey. ped. nepes.



Huxe mpuBeneHbl MpUMeEpbl MOJIEKYJ, KOTOPbIE
cnenu¢UIecKd B3aUMOAECHCTBYIOT C APYTUMU MOJIe-
KyJIaMU.

n DajronanH — coeqnMHEHNE, BBIACICHHOE U3 TPH-

0a Amanita phalloides, akTAUBHO B3aMOJIEHICTBYET
C aKTUHOBBIM 0€JTKOM MUKPODUIAMEHTOB.

m Befiok A, BbIIEIEHHBII U3 0aKTepUil 30JI0TUCTOTO
cradmitokokka (Staphylococcus aureus), CBSI3bIBa-
ercs ¢ Fc-yyacTkoM MoKyl aHTUTEN U MO3TO-
MY MOXET ObITh MCMOJIb30BaH IS JOKaJIU3aLUU
€CTEeCTBEHHBIX WJIM BHECEHHBIX aHTUTE, CBSI3aH-
HBIX C KJIETOUHBIMU CTPYKTYypaMU.

m JIeKTHHBI — TJIMKOMPOTEUHBI, TTOJYYEeHHBIE I1aB-
HBIM 00pa30M M3 CEMSTH pacTeHUI, CBSI3bIBAIOTCS
C yIJIeBOoAaMU C BBICOKOI a(PMHHOCTBIO U CTICII-
¢uuHOCTBIO. Pa3nmuHble TeKTUHBI IPUCOSTUHSI-
I0TCSl K CTITelM(PUIecKuM caxapaM WIH MOCIe0-
BaTeJIbHOCTSIM OCTaTKOB caxapa, YTO MO3BOJISIeT
TIPUMEHSTH (OJIyOPECIIECHTHO MEUEHHBIE JIEKTUHBI
JUIST OKpalIMBaHUS ONPENeIEHHBIX TIIMKOIIPOTe-
MHOB WJIM IPYTUX MAaKPOMOJIEKYJI, COLEPKALIUX
cneurduIecKre Mmocaea0BaTeIbHOCTA OCTaTKOB
caxapa.

MmmyHorncroxmmma

[TpumepoM BBICOKOCIIEIM(PUIECKOTO B3aUMO-
NEUCTBUS MEXIY MaKpOMOJIEKYJIaMU SIBJISIETCSI CBSI-
3bIBaHUE AaHTUTEHA CO CHEUMMUISCKUM aHTUTEIOM.
ITo 2TOi1 mpuYMHE MeYeHble aHTUTEJIa OOBIYHO MC-
MOJIB3YIOT B MMMYHOTHCTOXUMUM [UIST MIEHTU(DUKAITAN
M JIOKAJIU3allii MHOTUX ClieIn(UIECKUX OCJIKOB, a He
TOJIbKO TeX, (pepMeHTaTHMBHAsI aKTUBHOCTb KOTOPBIX
MOXKET OBITh ITPOIEMOHCTPUPOBAHA THCTOXUMUYECKH.

MMMyHHBIE KJIETKM OpTaHM3Ma B3aUMOAEICTBYIOT
C ApYrMMU MaKpOMOJIEKY/IaMU, HA3bIBAEMbIMU aHTHUTE -
HaMU, KOTOPbIE PACITO3HAIOTCS KaK «UyKePOIHbIE», HE
SIBJISTIOTIIMECS] HOPMAJIbHOM YacThiO OpraHn3Ma u 1o-
TEHIMAJIbHO OTIaCHbIE, B OTBET HA 3TO B3aMMOJICCTBIE
MMMYHHBIE KJIETKM BbIpA0ATHIBAIOT AHTUTENA K 3TUM
aHTUTeHaM. AHTHTEJIa OTHOCATCS K MMMYHOTJIO0Y.JIM-
HOBOMY CEMEMCTBY IJIMKOIIPOTEMHOB U CEKPETUPYIOTCS
JuM@pouuTamMu. DTU MOJEKYJbl OOBIYHO crelupuye-
CKM CBSI3BIBAIOTCSI C aHTUT€HAMU, KOTOPbIE BbI3BAIU
MX BBIPAOOTKY, U CIIOCOOCTBYIOT UX SJUMMHALIUU U3
opraHusma.

MMMyHOTHUCTOXUMUYECKKME METOIBI, IIIMPOKO MIPH-
MEHsIeMbIe KaK B UCCJIeIOBATEeIbCKIX, TaK M B TUATHO-
CTUYECKUX 1IEJISIX, OCHOBAHbBI HA UCTIOJIb30BAHUM aHTH -
TeJ K 0eNIKy, KOTOPbIii HEOOXOIMMO OOHAPYXUTh. DTO
03HAYaeT, 4To OeJIOK JOJKEeH OBITh IMpeaBapUTETbHO
OYMIIIEH C TTIOMOIIIbIO OMOXUMUYECKUX WA MOJICKYJISIP-
HBIX METOJIOB, YTOOBI MOXHO OBLIO MOJYYUTh K HEMY
a"TuTena. s mojaydeHus aHTUTEN K OeJIKY X WHIM-
BUJIyYMOB OITPENIeJICHHOTO BUa (HalIpuMep, YyeaoBeKa
WA KPbICHI) BBIICICHHbIM OCIOK BBOIST KUBOTHOMY
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JIpyroro Buaa (Hampumep, KpoJukKy uin ko3se). Eciu
aMUHOKMCJIOTHAST TIOCJIeIOBATEIbHOCTh OejiKa OTJIM -
YaeTcsl HaCTOJbKO, YTO XKMBOTHOE PAacIlO3HAET €ro Kak
Yy>KEPOIHBII, TO €CTh KaK aHTUTEH, — KMBOTHOE OyIeT
BBIPA0ATHIBATh AaHTUTENIA K 9TOMY OCJIKY.

PaznuynHble rpynnbl (KJIOHBI) TUMGOLIUTOB Y K1~
BOTHOTO, KOTOPOMY WHBEIIMPOBAJIM OEJIOK X, pac-
MO3HAIOT Pa3MYHbIe €ro YacTH, U KaXKAblil KJIOH BbI-
pabarbIBaeT aHTUTEIO K 3TOM yacTu. Bce aHTUTEnNA,
BbIIEJIEHHbIE U3 TJIa3Mbl XKUBOTHOIO, MPEACTABISIOT
€000t cMeCh MOJMKIOHAIBHBIX AHTUTEJ, KaXKII0e U3 KO-
TOPBIX CITOCOOHO CBSI3BIBATHCSI C Pa3IMUYHBIMU y4acT-
KaMu OeJika x.

OnHaKO MOXHO TakKxKe BBECTU OCJIOK X MBIIIAM,
a yepe3 HECKOJIbKO AHEU BBIACIUTh aKTUBUPOBAHHbBIE
JUMGOLIUTHI U TIOMECTUTDh UX B KyIbTypy. PocT u ak-
TUBHOCTb 3TUX KJIETOK MOXHO TTPOJUTUThH 10 OeCKOHEeY -
HOCTHU IIyTeM UX CIMSHUS ¢ JUMGOLMTaAPHBIMU OIy-
XOJIEBEIMM KJICTKAMU IJIs TIOJTyYeHUST THOPUIOMHBIX
KeToK. OTnebHble KJIOHBI-TUOPUAOMBI TPOU3BOIST
pa3IMYHbBIC aHTUTENIa K HECKOJIBKUM YacTsIM OejIka X,
M KaXIIbII KJIOH MOXKET OBITh BBIACJIEH U KYJIbTUBUPO-
BaH OTIEJIbHO, TaK YTO Pa3UYHbIC aHTUTEA K OCJIKY X
MOXHO coOpaTh IO oTaeJbHOCTU. Kaxmoe m3 Takmx
AHTUTEJI SIBJIIETCSI MOHOKJIOHANBHBIM. [IperMyIiiecTBo
WCIIOJIb30BaHUSI MOHOKJIOHAJIBHOTO aHTUTENIa BMECTO
TTOJTMKJIOHATbHBIX aHTUTEJT 3aKJTI0YAeTCsI B TOM, YTO €TI0
MOXKHO OTOOpAaTh MO BHICOKOM CrIelIU(PUIHOCTU U CIO-
COOHOCTH TIPOYHO CBSI3BIBATHCS C BBISIBIISIEMBIM O€J-
KOM IIpM MEHbIlIeM Hecnelu@UIecKOM CBI3bIBAHUU
C IpyruMu OeJIKaMu, IIOXOXMMHU Ha MPeICTaBIS IO
UHTEpec OesoK.

B UMMyHOTMCTOXMMUHU Cpe3 TKAaHU, KOTOPBIH TTpe-
TTOJIOXKUTEIEHO CONEPKUT BBISIBIISIEMbIi O€T0K, MHKY-
OMpYIOT B pacTBOpe, colepKalleM aHTUTeaa (MOHO-
KJIOHAJIbHBIC WJIM TTOJTUKJIOHAIBHBIE) K 3TOMY OCJIKY.
AHTUTENIO cnelUdUUECKN CBS3bIBACTCS C OEIKOM,
M TI0CJIe TIPOMBIBaHMUS Cpe3a paclooXeHue OenKa B
TKaHW WIN KJIETKE MOXXHO YBUIIETH C TIOMOIIbIO CBE-
TOBOT'O WM 3JEKTPOHHOIO MUKPOCKOIIA MOCPENCTBOM
BU3YAJIM3ALUUA AHTUTEI. AHTUTENA OOBIYHO MapKu-
pytoTcs (bayopeclueHTHBIMUA COEAUHEHUSIMU, TTEePOK-
CUIA30i WU 1IeN0YHOoM (ocdaTa3oit Il TUCTOXU-
MMYECKOTO BBISIBJIEHUSI WJIN 3JI€KTPOHHO-TIJIOTHBIMU
yacTULaMU 30JI0Ta 11 UX OOHapykeHus rog TOM.

Kaxk mokazano Ha puc. 1.11, CyIecTBYIOT npsiMbie 1
HenpsiMble IMMYHOIIMTOXUMUYeCKUe MeTobl. [1pu mpsi-
MOM METOJI¢ MCIOJIb3YIOT JIMIIb MEUCHBIC aHTUTEIA,
KOTOPBIE CBSI3BIBAIOTCS C BBISIBJISIEMBIM OCJIKOM.

HenpsiMoit UMMYHOTUCTOXUMUYECKUIT METOM BKITIO-
yaeT ITOCJIeAOBaTeIbHOEe HaHECCHWE OBYX aHTHUTEN
U TOMOJHUTENbHbIC 3Tamnbl MPOMBIBKU. AHTUTEIO,
creunUIYECKU CBSI3BIBAIOIIEECS] ¢ MCKOMBIM OEJIKOM
(mepBUYHOE), HE CONEPKUT METKHU. BhIsBisiemass MeT-
Ka CBsI3aHa CO BTOPHYHBIM AHTHUTEJOM, TTOJIYYECHHBIM
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Mnaea 1. [cTONOrUsA 1 UCNoNb3yemble B Heil MeTOAbl UCCIIeOBaHMsA

MeyeHoe
(MapKvnpoBaHHoe) MeueHoe
aHTUTeNo
HemeueHoe BTOPUYHOE H
nepBuuHoe \ aHTUTeNo
“ aHTUTeno H
AHTl/lreH.| / \ AHTUreH
Cpes TkaHu ‘
MNpeametHoe —

cTekno

Mpamoi metop,

Henpsamoii meton

Puc. 1.11. MeTtogbl UMMYHOLIMTOXMMUN

NMMyHouMTOXMMUYECKME (MM UMMYHOFUCTOXMMUYE-
CKIe) MeToAbl MOTYT ObITb MPAMbIMY UK HENPAMbIMUA. [pu
NPAMOM MMMYHOLMTOXMMUYECKOM MeToAe (CfieBa) nc-
Mosb3y0T aHTUTENO, MOJTYYEHHOE K MUCKOMOMY TKaHEBOMY
6enKy U HenmocpeACcTBEHHO CBA3aHHOE C METKOW, TaKOW Kak
dnyopecueHTHOe coefjMHeHve unu nepokcrpasa. Korpa
Ha NMpeAMeTHOe CTeK/I0 CO CPe30M TKaHW MoMeLaT 3Tn
MeueHble aHTUTesNla, OHU cneunduyeckn CBA3bIBAOTCA C
6e51KoM (@QHTUTreHOM), K KOTOPOMY OHU ObinN BbIpabOoTaHbl,
3aTeM VX MOXHO B3YyaNiM3poBaTh COOTBETCTBYIOLMM Me-
TOAOM.

Mpy HenpAMOM WMMYHOLMTOXMMMUYECKOM MeToAe
(cnpaBa) ncnonb3yloT CHavyana MepBUYHOE aHTUTENOo,
NMony4yeHHOE K MCKOMOMY 6enKy (aHTUreHy), KoTopoe Ha-

Y JKUBOTHOTO JIPYTOTO BHUIA, OTIMYAIOIIETOCS OT TOTO,
YTO BEIPA0ATHIBAJIO IEPBUYHOE aHTHUTEN0. HammpuMmep,
IepBUYHBIC aHTUTEJIA, BEIpadaTbIBaeMble TUM@OIIN-
TaMM MBIIIM (KaK OOJBIIMHCTBO MOHOKJIOHAIbHBIX
aHTUTEN), CIleUM(PUUECKN PACIIO3HAIOTCS U CBSI3bI-
BalOTCSI aHTUTEIAMM, MOJYYSHHBIMU Yy KPOJUKA WU
KO3bI, KOTOPBIM BBOAMJIA UMMYHOTJIOOYITMHBI MBIIIIH -
HBIX aHTHUTEI.

Hermpstmoii MmeTox 60J1ee IIMPOKO IMTPUMEHSIOT B Ha-
YUYHBIX MUCCJIEIOBAHMSIX 1 NIPU U3YYEHUU TaTOJIOTrnye-
CKOro MaTepuasa, IOTOMY YTO OH 0oJiee UyBCTBUTEJICH,
npuyeM 100aBOYHBIN YPOBEHb CBSI3BIBAHUS aHTUTEN
CIIOCOOCTBYET YCUJICHUIO BU3YaJIbHO BEISBIISIEMOTO
curHana. bojee Toro, omyH 1 TOT ke HAOOP MEUEHBIX
BTOPUYHBIX AaHTUTEJI MOXKET ObITh MCMOJIb30BAH B UC-
CJIeIOBAaHUSX C Pa3JIMYHBIMU MEPBUYHBIMU aHTUTE-
JamMu (Crielu(UIHBIMU IJISI Pa3IMYHBIX aHTUTEHOB),
€CJIA BCe OHU ITPOBOISTCS Ha TeX ke Buaax. CyIiecTBy-
IOT U JApyTHE HETIPSIMBIC METOIBI, KOTOPEIE OCHOBAaHEI
Ha MCITOJIb30BaHNY WHBIX ITPOMEKYTOUYHBIX MOJICKYII,
Hanpumep, OMOTUH-aBUAMHOBASI METOMKA, — BCE OHU
CBSI3aHbI C YCUJICHHUEM BBISIBJICHHBIX CUTHAJIOB.

[Tpumepsl IpUMEHEHUST HEMPSIMBIX UMMYHOILIMTO-
XUMHUUYECKHNX METOIOB MPUBEACHBI Ha puc. 1.12, neMoH-
CTPUPYIOIIEM HCTIOIb30BaHNE 3TOTO METOIA Ha KIIEeT-
Kax B KyJIbTYpe 1 Ha cpe3ax TKaHeil KakK IS CBEeTOBOM
MUKPOCKOMNUHU, TAK U TPAHCMUCCUOHHOM 3JIEKTPOHHOM
MMKPOCKOTIHM.

HOCAT Ha Cpe3 TKaHW A1 ero CBA3blBaHUA CO cneyndunye-
CK/M aHTUreHoMm. [oToM noJsiyyaloT MeyeHoe BTOpUYHoe
aHTUTENo, KoTopoe 6b110 (1) BbIpaboTaHO Y KMBOTHOIO
OpYyroro Bufaa K UMMyHornobynnHosbiM 6enkam (aHTuTte-
JlaM) TOTO BUQ, Y KOTOPOTo GbIv MOsyyYeHbl NePBUYHbIE
aHTUTena, (2) MapKkMpoBaHO GnyopecLeHTHbIM CoefnHe-
HUEM UM nepokcngason. Korga meyeHoe BTOPUYHOE aH-
TWUTENO HAHOCAT HA Cpe3 TKaHW, OHO creunduyeckn ca-
3bIBA€TCA C MEPBUYHBIMY aHTUTENAMM, HEMPAMbBIM NyTem
MapKMpys Ha cpese MCKOMbI 6enok. MoCKoNbKy C Kax-
ZloVi MONIeKy/10/1 MepPBNYHOTO aHTUTENA MOTYT CBA3bIBaTh-
CA HECKOJIbKO MeUY€eHbIX BTOPUYHbIX aHTUTEN, MAaPKNPOBKa
ncKomoro 6enka npu NPUMEHEHNN HENPAMOro METOAa YCu-
NBaeTcA

»> MegnUMHCKOE 3HaYeHne

MockonbKy KneTkn npy HEKOTOPbIX 3aboneBaHnAX, B TOM
yncne M MHOrme pakoBble KSeTKM, YacTo MpOu3BOAAT
6eN1KW, YHWNKanbHble 417 KOHKPETHOrO MaToNorMyeckoro
COCTOAHMA, UMMYHOTUCTOXUMNYECKNE METO/bl MOFYT UC-
nosb30BaTbCA NaTosoramun Ana AUarHOCTUKN MHOTUX 3a-
6osieBaHMI, B TOM YMCie OTAENbHbIX BUAOB OMyXonemn u
HeKOTOPbIX KNETOK, 3apaKeHHbIX BUpycamu. B tabn. 1.1
NnoKa3aHbl HEKOTOPbIE MPUMEPbI NPUMEHEHUA UMMYHOLIN-
TOXMMUYECKNX METO[OB, PaCNPOCTPAaHEHHbIE B KNUHMYe-
CKOW NpaKTuKe.

MeTtoabl ruépuansayun

I'mOpuau3anueii 0OBIYHO HA3BIBAIOT CIleLMpUUE-
CKOE CBSI3bIBAHUE IBYX OMMHOYHBIX HUTEH HYKJICHUHO-
BOW KMCJIOTBI, KOTOPOE BOBHUKAET B COOTBETCTBYIOIIIMX
YCIIOBUSIX, €CJIM HUTH SIBJISTIOTCSI KOMITZIEMEHTapHBIMM.
Yewm GosblIe CXOACTBO HYKJIEOTHUAHBIX MOC/IEI0BATENb-
HOCTe, TeM Jierye KoMILUIEMeHTapHble HUTU 00pasy-
0T «TMOPUIHYIO» ABOMHYIO MOJIEKYJISIPHYIO HUTh. ['1-
OpuoM3anus B KECTKUX YCIOBUSX TaeT BO3MOXKHOCTh
cnenuduIecKo MACHTU(DUKALIMKA ITT0CIIeI0BATE/Ib-
HocTelt B reHax uiau PHK. B1o MoxkeT mponcxoanTs ¢
xietouHoi JAHK munu PHK, korga nocienoBaTeabHO-
CTH HYKJICMHOBBIX KHCJIOT B PACTBOPE HAHOCST HEIIO-
CpPeICTBEHHO Ha IMOATOTOBJICHHBIC KICTKN U YIACTKH
TKaHEeW — TaKas Ipolieypa Ha3bIBaeTCS THOPUIA3 A~
eii in situ (ISH).



Puc. 1.12. KneTtkn n TKaHW, OKpaLleHHble UMMYHO
MUYECKNM METOIOM

MMMyHOUMTOXMMMYECKME METOAbI JIOKanv3auum cneuyu-
duyeckmx 6enKkoB MOryT NPUMEHATbCA Ha MpenapaTtax
nnbo AnA CBETOBOW MUKpOCKONUW, NMbo AnA TpaHCMUC-
CMOHHOW 3M1IEKTPOHHOW MUKPOCKOMMM C NCMOSIb30BaHNEM
PasnNYHbIX METOK.

(a) B ogHOWM KynbTUBMPOBAHHOW KNeTKe MaTKM OKpaLlu-
BaHve ¢nyopecueHTHbIM KpacuTesniemM Mo3BOJAET Bbl-
ABUTb CeTb MNPOMEXYTOUHbIX GUNameHToB (3efleHoro
LBeTa) Mo BCel uuTOMmnasme. Mcnonb3oBaHbl NepBUY-
Hble aHTUTena K 6enky fecMuHy GrnameHTOB U MeyeH-
Hble nsoTnoumaHatom ¢nyopecuenHa (FITC) BTopuyHbie
aHTWTeNna B HEMPAMOM MeTOAe OKpaluvBaHWA, Mpuyem
A0PO ObINO JOKPALIEHO B CUHUIA LBET ¢ nomoLibio DAPI
(x650).

(6) Cpe3 TOHKOM KUMKW, NHKYOMPOBAHHBIN C aHTUTENa-
MU K depMeHTy nu3ouumy. 3aTeM HaHOCUIM BTOPUY-
Hble aHTUTesNa, MeYeHHble NePOoKCNAa30l, KOTOPYHO Bbi-
ABNANN TMCTOXMMUYECKN C CybCTpaToM MepoKcrpaasbl
3,3’-puamnHo6eH3ngmHom (DAB). Ha nokanusauyuio nc-
KoMoro 6efika yKa3biBaeT KOPUYHEBbI LiBET NPOAYyKTa
peakuuun. MeTof AeMOHCTpUPYeT NU30LMMCOAEep»Ka-
LMe CTPYKTYpbl B pacceAHHbIX Makpodarax u B 60sb-
LINX CKOMAEHMAX KNeTokK. Aapa fJoKpalleHbl reMaToKCu-
nuHom (x100).

(8) NMpenapaT, OKpalleHHbI C MOMOLLbI0 TPAHCMUCCK-
OHHOW 3N1eKTPOHHOW MUKPOCKOMUKW: Cpe3 KNeToK noa-
Keny[oYHON >Kenesbl, NHKYOVPOBAHHbIV C aHTUTENIOM
K depmeHTy ammnase, a 3aTem C 6enkom A, cBA3aHHbIM
c yactnuamu 3onota. benok A obnagaeT BbICOKUM Cpoa-
CTBOM K MOJIeKy/laM aHTWTesl, MOSTOMY MoJslyYeHHoe

Busyanusauma cneunduueckmx monekyn M 29

n3o6paxeHre yKkasblBaeT Ha NPUCYTCTBME aMuniasbl no-
CpPeAcTBOM YacTuL, 30510Ta B BUAE OYEHb MasleHbKUX
YepHbIX TOYEK, TOKANN30BAHHbIX HAJ MIOTHbIMY CeKpe-
TOPHBIMY FpaHynamu 1 GOPMUPYIOLNMUCA FpaHynamu
(cneBa). MeueHbIn 6enok A, cneuynduUHbIN MO OTHOLIe-
HUIO K MOJIEKYSIaM MMMYHOTI00yNMHa, MOXeT OblTb KC-
NnoJsib30BaH 415 ToKanmsauum ntoboro nepBrYHOro aHTu-
Tena (x5000)

(Puc. 1.12, 8 ucnonb308aH ¢ paspeweHus 0okmopa Motiza
beHOasHa, kagedpa namosioeuu u KsiemoyHoU 6uosoeuu,
MoHpeansckuli yHusepcumem, MoHpearns, KaHada)

Ta6nuua 1.1. Mprmepbl cneundpruUeckx aHTUreHOB, NMEILLVX AMAarHOCTUYECKOe 3HaueHe

AHTUreHbl |

Cneunduryeckne LUTOKePaTVHbI

AwnarHos

OI'IyXOJ'II/I NNTENNANTbHOIO NPONCXOXAEHUA

benkoBble n nonunenTngHble FTOPMOHDI

HeKOTOpre SHAOOKPUHHbIE OMYyX0/Nn

PakoB0O3MOPVOHaNbHbI aHTUreH
xenesbl

Menesnctble onyxonu, rmaBHbIM 06pa30M NnULEBaPUTESIbHOIO TPaKTa n MOJIOYHOM

PeuenTopbl CTEPOVAHBIX FOPMOHOB

OI'IyXOHI/I KJIETOK NPOTOKOB MOJIOYHOW »ene3bl

AHTWreHbl, NPOAYyLMpPYeMble BUPYCamu

Cneundurueckune BUpYCHble MHeKL N
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