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IlonsiTue CIICKTPAJIBbHOI'0O aHAJJIN3A

CrnekTpajbHbIH AHAJIN3
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13370108 CIICKTPAJBbHOI'0O aHAJJIN3A4

ATOMHBIA CHEKTPaJbHbIH aHAJIU3
ATOMHBIM (MOHHBIM ) CIICKTPpaM HUCITYCKAaHHWA U ITOTTIOIICHUSI.

onpeacisICT MOJ'ICKYJ'IHpHBIfI COCTaB BCIIICCTB
IO MOJICKYJIAPHBIM CIICKTPaM IOITIOIICHHA, IFOMUHCCIICHIUNA U KOM6I/IHaHI/IOHHOFO pacCeAHUA
CBCTa.

IMPOU3BOIAT 110 CIICKTPpaM HCITYCKaHHUA aTOMOB,
HOHOB HW MOIJICKYII, B036Y)K,Z[éHHBIM pa3IMUYHbIMH  HMCTOYHHKAMH SJICKTPOMATrHUTHOIO
H3JIYUYCHUS B JHAITA30HC OT Z-U3JIYUCHUS 1O MUKPOBOJIIHOBOIO.

OCYIIECTBIIOT MO CHEKTPaM MONIOLIECHHS
AIIEKTPOMAarHUTHOTO W3JIYYEHUS aHAIU3UPYEMbIMU OObEKTaMHU (aTOMaMH, MOJEKYJIaMH,
MOHAMHM BEIIECTBA, HAXOAIIETOCSA B Pa3JIMYHBIX arperaTHbIX COCTOSTHUSIX).




B mociaexnee Bpemsi, OJiarogapsi 3KCIPECCHOCTH, KOJHMYECTBY OXHOBPEMEHHO OINpeae/seMbIX
3JIEMEHTOB M J0CTATOYHO OOJBbIIOM TOYHOCTH IO HUX KOJUYECTBEHHOMY COAEPKAHUI0, IIHPOKOE
pacnpocTpaHeHre B PAa3JIMYHBIX 00JacTSAX JIeATEJbHOCTH YeJOBeKa MOJYYHJIM SMHUCCHOHHbIE M MacC-
CIIEKTPOMETPUYECKHE METOAbl CHEKTPAJbLHOI0 AaHAJIN33a, OCHOBAHHbLIE HA BO30Y:KIE€HMM aTOMOB M HX
HOHU3AIUU B APTrOHOBOM IJIa3Me MHAYKIMOHHBIX Pa3ps/ioB, a TAK:Ke B JIa3epPHOH UCKpe.

Hapsiny ¢ TpaaMuMOHHBIM HCNO/b30BAHUEM

CNEKTPAJIbHBIN aHAJIU3 BCE yalle HAXOAUT ce0e MPUMEHEHHE B TAKHMX 00JacTaX Kak

B 3konozuu 310 aHAIN3 WJI0B KAHAJU3AIHUOHHBIX OTCTOMHHKOB IIpA MOATOTOBKE TEXHOJOI'MM HX

HQpGpﬂﬁOTKI/I, JAOHHBIX OT.JIO)KCHHﬁ, AHAaJIMU3 IMO4YB, BOJbI, paCTeHHﬁ, 30JIbI BOJIOC KMBOTHBIX H 4Y€/JIOBEKA J1JIA
OI€HKH! 30HbI IKOJOIHY€CKOI0 IMOPa*KCeHUsl.

B cenvckom xo3zaiicmee u numeeoﬁ npomoluijleHHocmu 3T0 aHAJIN3 IMO4YB, KOPMOB, paCTEHHﬁ,
NMPOAYKTOB NIUTAHUA HA HAJTHYHE npnMeceifl TOKCHYHBIX 3JIEMEHTOB U TS KEJIbIX MeTAaJJIOB.

B meouyune 310 1MAarHocTUKA 3a00J1eBaHUii, BHI3BAHHBIX HapylIeHHeM OOMEHHBIX NMPOIECCOB IO
aHAJIM3y XMMHYECKHX JIEMEHTOB B OHOJIOTMYECKHX SKHUAKOCTAX, TKAHSX, 30J€ B0JIOC, HOITEeH uYeloBeKa.
IlpyMeHeHHe TAaHHOTO METOa B MeIMIIMHE SIBJSIETCA OJHUM M3 MEePCHEeKTHBHBIX HANPABJIEHHUI, BBUAY TOrO,
4YTO HAJIMYMEe TeX WM MHBIX BellecTB B OMocyOcTparax dejioBeka (KPOBM, KOXKHM, HOI'TSIX, BOJIOCAX) MOMKET
CJYKMTH IleHHOH nH(opManueil NPU IMArHOCTHKE COCTOSTHHSI OPraHU3Ma YeJIoBeKa B IeJIOM.

B 3aBrcHMOCTH OT 00bEKTOB aHAJIM3A, TPeOyeMbIX Mpeie 0B 00HAPY/KeHUsI M TOYHOCTH Pe3yJbTaToB, B
IPAKTHKE CIHEKTPAJbHOI0 AaHAJIHU3a HCHOJbL3YIOTCH Pa3iu4YHble NPUOOPbI W PpasjMYHble HMCTOYHUKH
BO30y:K/leHUsl CHeKTpoB. B mocienHee Bpemsi HanOoJibllee MPUMEHEHHE HAXOAAT CIHEKTPOMETPHI,
NOCTPOCHHBIE M0 cXeMe TUPPAKUUOHHBIX CIIEKTPOrpagoB ¢ (poToIeKTPOHHOM perucrpanuei cnekrpa.



IIpuMeHeHMe CIEKTPAJIbHOI0 AHAJIN3A JJIsl OIpeaesIeHUus
XHMHYECKOI0 COCTaBa BellecTBA

CnekTpajbHbIii aHAJIM3 JIMHEHYATHIX CHEKTPOB U3JIYy4YeHHs] U
MOTJIONIEeHNsI MPUMEHSIOT ISl onpeaeJeHusl XHMHYECKOro COCTaBa BellecTBa —
KA4eCTBEHHOT0 H KOJIHYECTBEHHOT0 aHAJIN3a BelllecTBA.

UyBCTBUTEIBHOCTh 3TOTO METOJIa OYEHb BHICOKA: C MOMOIIBIO CHEKTPAIHLHOTO
aHaJln3a MOXKHO OOHApPYKHUTh AJIEMEHT B COCTaBE CIOXXHOTO BEIIECTBA, €CIHU JAXKe
ero macca He npessimaet 0,1 HL

KoyinuecTBEHHBIN aHAJIN3 COCTaBA BEILIECTBA MO €r0 CIEKTPY 3aTPYAHEH, TaK
KaK SIPKOCTb CIIEKTPaJbHBIX JIMHUW 3aBUCUT HE TOJBKO OT MAcChl BEIIECTBA, HO U OT

croco0a Bo30YyK/I€HUS CBEUCHHUS.

B HacTosilee BpeMs onpe/iesieHbl CIIEKTPbI BCeX ATOMOB M COCTABJICHBI
TAa0JULBbI CIEKTPOB. C MOMOIIBIO CIIEKTPAJIBLHOI0 AHAJIU3A ObLJIN OTKPBITHI
HOBbIE YJIEMEHTbI: pyOuaAMH, He3ud u Apyrue. Pyououii naer TeMHO-KpacHbIe,
pyOuHoBbIe iuHNM. CJI0BO Ue3uil 03HAYAET «HE0EeCHO-T0/Ly001». ITO IBET




HpnMeHeHne CIICKTPAJBbHOI'0O aHA/JIN3A B MCIUIIUHC

qgCpe3 JYKOBHIY M OTKIIAAbIBAOTCA B CTCPIKHC. HOBTOMy B YCJIIOBCYCCKOM BOJIOCC «3aIIMCBIBACTCA»
I/IH(i)OpMaI.II/IH 0 MHHCPAJIBHOM COCTAaBC BCCTO OpraHuiMa, 3arpsA3HCHHHW TOKCUYHBIMH MCTAJLJIaMHU H

HapylIeHnn oOMeHa BellecTB. M ¢ MOMOIIbIO CHEKTPAJIbHOIO aHalIM3a BOJIOC MOXKHO CUHUTATh ATY
uH(dOpMAIIHIO.

CrnekTpajbHbI aHAJM3 BOJOC — METOA JMArHOCTHUKH, MO3BOJSIONIANA BBISBUTH HAPYIICHUS
MHHEPATLHOTO OOMEHa BEIICCTB, 3a00Je€BaHUS BCETO OpraHM3Ma Ha pPAHHUX CTAAUAX, a TakKKe
MIPEAPACIIONIOKEHHOCTh K BBINAJICHUIO BOJIOC, YIPEBOM CHINMM, CHIDKCHHE MMMYHHTETA, TIPOOIEMBI CO
IITUTOBHUTHOM JKEJIe30H, aJyICpPTHio, O0JIC3HH MEUCHH, CaxapHbIi AUA0OCT U Apyrye 3a00JICBaHMUS.




MuKpo3/IeMEeHTHBIN CIEKTPAJbHbBIN AHAJIHU3 BOJIOC MOKA3AH:

. Nnpy HeCOATAHCMPOBAHHOM NMUTAHUHU;

. MOJABEPKEHHBIM XPOHUYECKOMY CTpPeCCy;

. JIMIAM CO CHUKEHHbIM HMMYHUTETOM;

. 4acTo 00JIeIUM, CTPAAAIONIMM OT aJIJIEPTrUH;

. IPY NPOABJICHUAX CHHAPOMA XPOHUYECKOH YCTAJIOCTH U
Pa3ApaKUTEJIbHOCTH;

. npu 3a00/1eBaHUAX IIUTOBU/IHOM KeJie3bl, 0CTE0Nopo3e;

. NnpH 3200/1€BAHUAX KEJTYI0YHO-KUIIEYHOT0 TPAKTA;

. NP SMOILMOHAJIBHBIX HATPY3KAaX;

. NP YXYIIIEHUN COCTOAHUS KOXKHU, BOJIOC, HOT'TEH;

. npu HedGPeKTUBHON TPAAUIMOHHON TepanMu.




MeToauka IIPOBCACHUS CIICKTPAJBbHOI'0O aHAJIN3A4a BOJIOC

- CocTpurawresi BoJIOCHI JAJMHOM 3-5 ¢M Ha pa3HbIX Y4YacTKaX KOXKH TIOJOBbI (HA 3aTbIJIOYHOH, TeMEHHOM,
BHCOYHOM, IIEHTPAJIbHOI 00J1acTAX) M o0pa3yeTcsl MYy4YOK TOJIMHOMH 2-3 MM. B 3T0ii 11MHE BOJIOC COdEPKUTCA
camasi BaxKHasi HH(poOpMaLHs 0 COCTOSHUN OPraHU3Ma 32 MoCcJeJHUe HECKOJIbKO MeCHleB.

= COCTpI/I)KeHHble BOJIOCBI 0663)KI/IPI/IB2[IOTCH All€TOHOM, ITIPOMBIBAIOTCH, 4 3aTEM BbICYIIINBAIOTCH.

- JIOKOHBI B3BCHIMBAKTCH WU MOMELIAKTCH B KOHTEHHEP ¢ BOAOW M INPUMECHI0 A30THON KHUCJIOTHI, Ile OHU
PACTBOPAOTCA W MOJY4YEHHBI Cy0CcTpaT momemiaercsi B CIEKTPOMETP, Kyla IO CHENUAJbHBIM TpyOkam
nonaercs ra3 aprod. Ilox Bo3geiicTBMeM BBICOKOH TeMmIepaTrypbl o0pa3yercs IUia3Ma, B KOTOPOW M cropaetr
oOpaszen. B pe3yabrare cropaHusi Ha CHeNMAJbHBINA JAETEKTOP MOCTYNAeT CUTHAJ, KOTOPbIA B JaJibHeHIeM
o0padaTpiBaeT KOMIIBIOTEPHAS NPOrpamMma.

- [losryyeHHbIE JaHHbIE U3YYAIOTCH, AHAJIU3UPYIOTCS M CPABHMBAIOTCS ¢ PerHOHAJLHBIMM HOPMaMHU IS 10J1a,
BO3pPAacTa MO0 TAKUM KU3HEHHO He0OXOAMMbIM 3JIeMEeHTaM, KaK KaJuil, KaJblMii, MATHUH, JKeJ1e30, HUHK, Me/b,
cejieH, ¢ochop, H BbISIBISAETCHA XapakTep OTKJIOHeHMs. Ilo pedynbraraMm aHajm3a NPOBOAMTCH KOPPeKIHA
BBISIBJICHHBIX HApYLLICHH i MHHEPAJbLHOI0 00MeHa — HA3HAYECHHEe MUHEPAJIbHBIX KOMILIEKCOB, PEKOMEH/IAIUH 110

IMATAaHUIO.
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CrnexTpsl 3Be3]1 — 3TO UX MACHOPTA C ONKCAHMEM BCeX 3Be3IHbIX 0COOEHHOCTEI.

3Be31bI COCTOAT M3 TEX 7K€ XUMHYECKHX JIEMEHTOB, KOTOPbI¢ H3BECTHLI Ha 3emJie, HO B
NMPOLEHTHOM OTHOLIEHUH B HUX MPeo0/IaaloT JIerKue 3JieMeHThI: Boaopoa u reaui. Ilo
CIIEKTPY 3Be31bl MOKHO y3HATH €e CBETHMOCTb, PACCTOSIHUE /10 3Be3/bl, TeMIIEPaTypY,
pa3Mep, XHMHYECKHII CcOCTaB ee armMocdepbl, CKOPOCThL BpallleHUs] BOKPYI OCH,
0CO0EHHOCTH JBMKEHHSI BOKPYI 001Iero meHTpa tTsakecTH. CnekTpajibHbIi anmnapar,
YCTAaHABJIMBAEMbIid HAa TeJieCKOIe, PACKJIAAbIBaeT CBET 3Be3[bl MO JJNHAM BOJH B
noJiocKy cnekrTpa. [lo cnnekTpy MOXKHO y3HATDH, KAKasi JHEPrUusl MPUXOAUT OT 3Be3]bI HA
Pa3JIMYHBIX JAJMHAX BOJIH U OLIEHUTH O4Y€Hb TOYHO €€ TeMIleparypy.

A 3Bé311a Bera 3Be31a AabTaup

3Be3na Mupa

[{BeT m cnekTp 3Be3d CBA3aH ¢ UX TeMmmeparypoii. B xosmoaHbIx 3Be3gax ¢
temneparypou ¢orochepst 3 000 K npeodsnagaer usaydyeHne B KPACHOM 00J1aCTH
cneKkTpa. B cnekrpax Takux 3Be31aX MHOIO JIMHMM METAJLIIOB M MOJIeKYyJ. B ropsiumx
roayonix 3se3aax ¢ remmneparypoi coime 10 000—15 000 K Ooabimasi yacts aToMoB
noHN30BaHA. [l0IHOCTHI0O MOHHM30BAHHBIC ATOMBI HE JAKT CHEKTPAJbHbIX JIMHUM,
M03TOMY B CIIEKTPaX TAKHUX 3Be3/1aX JUHUN MAJIO.



OCo0E€HHOCTH ClIEKTPA 3BE3]

Tony0oii 80 HN3ny4yeHust B IMHHUAX reJIusi, 230Ta, KUCJI0POaA v IlapycoB
Toay6oii 40 HNHTEeHCHBHbBIE IMHUM HOHU3HPOBAHHOIO IeJIus, TUHUH MEeTAJLJI0B MuHTaka
HeT
TI'oay6oBaro- 20 Jlunum HeiliTpanabHoro reausi. Ciadobie tunun H u K Cnuka
OeJIbIi HOHM30BAHHOIO KAJIbIUS
Beubrii 10 JIuHuM BOAOPOAA JOCTUTAIOT HANODOJIbIIIEH MHTEeHCHBHOCTU. BuaHbI Cupuyc, Bera
Junun H u K nonnzoBanHoro kaiabuus, cjiadble JUHAHA METAJIJIOB
KenroBarbiii 7 HNonunsznpoBannbie MeTa/libl. IuHUM Bogopoaa ociadeBalor IIpounon,
Kanomyc
Kearolid 6 HeiliTpajbHble MeTaJlJIbl, HHTEHCHBHbIE JIMHUM HOHU30BAHHOTO CouHie,
Kkaapnusa H u K Kanenna
Opan:xeBbIi 4,5 JInnuii Bogopona nmoutu Het. IIpucyTcTByI0T €/1a0ble M010CHI OKUCH APpKTYp,
TUTaHA. MHOIO4YHCJIeHHbIE JUHUN METAJLJIOB Aabaedapan
Kpachsbiii 3 CuiibHbIe 110JI0CHI OKMCH TUTAHA M IPYTHX MOJIEKYJISIPHBIX AHTapec,
coeIuHEeHHu Berteanreiize
Temno- 2 Cuabnblie nosocsl CrH, pyonaus, nesus Kelu-1

KPacCHBbIH




C noMoImbK0 CHEKTPAJbHOIO aHAJIHU3Aa ONpPeAeJWIn XuMuieckud cocras CoJtHIA.
Apko cBersamasica nosepxHocTb CouHua, ¢gorocdepa, naer HempepbIBHbIN
cnekrTp. boJiee xo10qHBIE BepXHHE CJI0M COJHEYHOUM aTMocdepbl MOIIOIIAKT
u3dupareJbHo cBer OT (orocdepbl, YTO NMPUBOAUT K IOABJCHUIO JUHUMN
NOIVIOIIeHUS HA (poHEe HEeNMPEePHIBHOIO cieKTpa. TeMHbIe JMHUM NOIVIOIICHU B
COJIHEYHOM CIIEKTpe BIepBbie ObLIM TIIATEJAbHO HM3y4YeHbl PpayHrodgepom,
KOTOPBIM HM3MEPUJ JIMHbI BOJH st 754 jguHuid. OKa3ajiochb, 4TO 3Be3Ibl
COCTOSIT M3 TeX K€ CAMbIX XHMHUYECKHX JJIE€MEHTOB, KOTOpPble MMEITCH HAa
3emiie. JlwoOonbiTHO, 4TO0 2enuint (or rpeuveckoro Ieamoc — coaHIe)
nepBoHa4yaJabHO OTKPbLIM Ha Counume (1895 r) m Jumb 3areM HaILIA B
armocdepe 3emJin.

Xpomocdepa Coanua

IIpory6epanen na Cosnie

cn Ha CoutHIe



ATMocdepbl IVIAHET COCTOST U3 ra30BbIX MOJIEKYJ. B X0JI0QHBIX IJIAHETHBIX
aTMoc(epax HOHU30BAHHBbIE ATOMBI MOSIBJISIIOTCS TOJIBLKO B BEPXHUX, Pa3peKeHHbIX
ciaosix. IloayyuB ¢ mnoMombl crnekrporpaga CHHUMOK CHEKTPa TMOIVIONIeHUS

IUIAHET, MO0 TEMHbIM JIMHHUSAM, NepPeceKAIMM IO0JO0CKY CIEeKTpPa, OnpeaeasaroT
XUMHYECKHH COCTAB aTMocdep IIaHeT.




IIpuMeHeHHe CIIEKTPAJbLHOI0 AHAJIM3Aa B ACTPO(PUIUKE IS

omnpeaeJeHUus JIy4eBO CKOPOCTH 3B€3/1

CrnekTpaJbHBINA AaHAJIM3 UCIOJIb3YeTCS JIJIS ONpeAe/IeHUs JTy4eBon
CKOPOCTH 3Be3/1 U FaJIAKTHK 10 CMEIIEHNIO JINHUI B CIIEKTpe.

JInHUM B CIIEKTPe MCTOYHMKA, MPUOJIMKAIONIErocsl K HAOJI0aTe 10, CMelIeHbl K
(p1o/1eTOBOMY KOHILY CIIEKTPA, a JJMHUM B CHEKTPe yIaJsiolerocss HCTOYHUKA —
K KPaCHOMY KOHILy CHEKTpa, Npru4eM OTHOCHTEJIbHOE CMellleHUue JIUHUIA PaBHO
OTHOILEHHIO CKOPOCTH HCTOYHUKA K CKOpocTH cBeTa AMAO=V/C.




HccaenoBanue n aHajaius CIIEKTPOB 3BE€31 NMMO3BOJIAIOT ONIPEACIUTD TAKIKE NaBJICHUC,

HAMNPSZKEHHOCTDb JIeKTpuueckoro mojs (3¢ gexr llrapka), HHAYKUMIO MATHUTHOTO MOJIS
(3¢ dekT 3eemana).

I1o pa3nBOeHUIO U NEPHOAUUYECKOMY B3AMMHOMY CMEIEHUIO (COJMKEHUI0 U YIAJICHUI0)
JINHUM ONpeeJ AT JIBOMHYI0 CHCTEMY 3Be3/I.

JIBoiiHasi 3Be31a

JIBoiiHasi 3Be31a

-

ITo nepuoan4ecKOMy CMELICHUIO JIMHUN TO B KPACHYIU, 10 F cTOBYI0 00/1aCTh CIIEKTPA
OIPeAeIAIOT MYJIbCHPYIOLIHE 3Be3bl.




IIpuMeHeHHe CIIEKTPAJBbHOI0 aHAJIN3A VIS OnpeaeJeHus
TeMIIepPaTypPbl HATPETHIX TeJl

TeMnepaTypy Harperoro Tejda onpeacjadaroT 10 MOJ0OKCHUI MaKCHUMyMa
NU3JIYYCHHUSA B CIIJIOITHOM CHIEKTPE.

Tak, HarpeToe 10 KOMHaTHOM TeMIepaTypbl TE€JIO UCIYCKAaeT HH(PpaKpacHBIE JTyUH; MIPU
TEMIIEPATYPE B HECKOJIBKO COTEH I'PaJlyCOB METajia CBETUTCS KPAaCHBIM I[BETOM; IIPHU
JAJIbHEUIIIEM TMOBBIIICHUN TEMIIEPATypbl CBEYEHHE CTAHOBUTCA JKEIITHIM, a 3aTeM
cuHeBaTbiM. C yBEJIWYEHUEM TEMIIEpPaTypbl MAKCHUMyM W3JIy4Y€HUS CJIIBUTA€TCAd B
KOPOTKOBOJIHOBYIO YaCTh CIIEKTPA.

MaxkcuMyM H3IydeHHUS B CILIOIIHOM CIEKTPE CBSA3aH C TeMIIepaTypou Tejla 0 3aKOHY
BuHa: nivHa BOMHBI, COOTBETCTBYIOIIAS MAaKCUMYyMYy SHEPTHH, U3Ty4aeMON YepHBIM
TeJI0OM, 0OpaTHO MPOIOPIIMOHANIBHA €T0 TEMITEPaType.

It CoJiHITA TTOJIOKEHUE MaKCUMYyMa U3JIydeHus daeT Temneparypy dorocdepsr 6000
K. MakcumyM €ro u3nydeHus MPUXOAUTCS Ha BUIUMBINA CBET — B CEPEAMHE UHTEPBAIIA
JUTM BOJIH BHJAMMOIO cBeTa 3HadeHue A = 0,55 uM. B pesynbrare 3BONIONMN KUBBIX




IlpuMeHeHMe CIEKTPAJIbLHOI0 aHAJIM3a

C moMOIIpI0 CHEKTPAIBHOTO aHAJK3a MOKHO OOHAPYKUTh TaHHBIN 2JIECMEHT B
COCTaBe CJIOKHOTO BellecTBa. biiarogaps yHUBepCaabHOCTH CIIEKTPATbHBIN aHAIU3
SBJISIETCS OCHOBHBIM METOJIOM KOHTPOJISI COCTaBa BEIIECTBA B METaJUTypruH,
MaIlIMHOCTPOCHMH, aTOMHOM UHIYCTPHH.
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JlaGopaTopHasi 3J1eKTPO/IN3Hasl yCTAHOBKA CranuoHapHo — HCKPOBBIE
AJI aHAJIU3a MeTaJI0B «IJIAM». ONTHKO - 3MHUCCOHHBIE CIIEKTPOMETPBI
YcranoBka npeaHasHa4YeHa /IS IPOBEICHUs «METAJICKAH -2500».




Jlaboparopusi CIEKTPAJIbHOI0 AHAJIN3A




IIpuMeHeHue CIIEKTPAJIBbHOI0 AaHAJIM3A B KpHMI/IHaJII/ICTI/IKe

OOHapyX€HUs Pa3IUYHOTIO pojaa
MO/IJICTIOK JJOKYMEHTOB: BBISBICHHUE

3QJINTHIX, 3aYEPKHYTHIX WIn
BBIIBETIINX (yraciuimx) TEKCTOB,
3aInCen, 00pa30BaHHBIX

BIABIICHHBIMA  INITPUXaMU  HIIH
BBITIOJTHCHHBIX Ha KOIHMPOBATLHOMU
oymare;

* BBIABJICHUA CTPYKTYPbI TKAHU,

* BBISBJICHMS 3arpsA3HCHUN HA TKaHSIX
(caxxa W OCTaTKM MHHEPATIbHBIX <o
Macen) pu OTHECTPEJIbHBIX GTYTIVRIT, - et

MOBPEXKJCHUAX M TPAHCIIOPTHAIX m 5“".".*’”’\? B A&K e '" TIbHAS MAPKA -
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