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The forgotten contribution of J. E. Purkyné to dentistry

Abstract. Objectives: the name of Jan Evangelista Purkyné (Purkinje in German),
born in Bohemia in 1787 and died in Prague in 1869, is mainly associated with
discoveries in histology and specialist fields of Medicine like embriology, histological
techniques, ophthalmology, cardiology and neurophysiology. This short article
presents a brief account of his life, commemorates his achievements in biology and
medicine but also in in the politics and literature of his Country (he was elected to the
Diet of Bohemia but also he composed poems and important translations from German,
French and Italian languages into Czech) and examines in depth his contribution to
Dentistry. Materials and Methods: Purkynée’s major contributions to Dentistry, which
focused on embryology and dental histology, endodontics and periodontology, are
traced to two dissertations in Latin which were discussed by his pupils (Meyer
Fraenkel and Isaac Raschkow), at Breslau University in 1835: we present a brief
summary of each, with the major innovative findings highlighted. Results: the two
dissertations contain remarkable, though often overlooked, contributions to Dentistry.
Among these we can indicate the individuation of: the dental cement (substantia
ostoidea), the acquired dental pellicle, the nature of optical illusion of Hunter-
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Schreger lines, the “enamel pulp” from which the enamel would evolve, the sub-
odontoblastic nervous plexus which is the cause of tooth sensitivity, the predentine, the
organic nature of the process of enamel formation, the dentine and enamel formation
in opposing directions, the presence of alveolus membrane (id est: the periodontium).
Conclusions: after reviewing the main innovations these two dissertations made to
Dentistry, Purkyné’s personal share in both is very clear. Both the two his pupils
acknowledged their debt to Purkyné and also famous contemporary Purkinje scientists
such as Alexander Nasmyth, Sir Richard Owen, Sir James Paget had no doubt he is
had generated the ideas expressed in the two little treatises.
Keywords: History of dentistry; Raschkow; subodontoblastic plexus; teeth

Introduction.

J. E. Purkyn¢ (Fig. 1) was born into a catholic family in Libochovice (Bohemia in
the Austrian-Hungarian Empire, today’s Czech Republic) on 18th December 1787. His
father died in 1793. J. E. was educated at his local, Czech language primary school
(Anonymous, 1870; Henry, 1953) and then from 1797 until 1804 at the Piarist Fathers
secondary school in southern Moravia. There he learned German, Latin, French and
Italian and entered the Piarist Order as a novice (Henry, 1953; Posner, 1969; Sykora,
1988) but decided against taking his vows in 1807. He started working as a private
tutor in Prague while studying at Prague University faculty of philosophy. He began
his studies in medicine in 1812, graduating in 1818 from Prague University with a
dissertation entitled «A contribution to knowledge about subjective sight» (Purkinje,
1819). He was appointed assistant professor of anatomy at the university, a post he held
for five years before moving in 1823 to the Royal Prussian University of Breslau (now
Wroctaw, Poland) where he worked as professor of physiology and pathology until
1850.

Dr. Purkyné married Julia Rudolphy in 1827, daughter of a professor of
physiology in Berlin. From 1829 to 1834 they had four children: Rosalia and Johanna
who died of scarlet fever in 1832 (Henry, 1953), Emmanuel, who became a professor
of botany and karel, who was destined to be one of the Czech Republic’s most famous
painters, dying in 1868. When Julia succumbed to meningitis in 1835 (Henry, 1953),
J.E. was left a widower with two children under the age of four. Despite these family
tragedies, which he bore with Job-like patience, the years he spent at Breslau were
among his most prolific. He founded the physiology institute, acquired the highly
advanced Pl6ssl microscope and published many of his ideas in his pupils’
dissertations. In 1850 he was appointed professor of physiology at Prague University,
a post he held until his death in 1869.

He founded «Zivax» (Life), a Czech scientific journal in 1853, was elected to the
Diet of Bohemia for the 1861-1866 legislature and was awarded the austrian imperial
order of Leopold in recognition of his scientific achievements in 1868 (Szpilczynski,
1971, Jay, 2000). After a short illness, he died in Prague in 1869, at the age of 82. He
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received a state funeral and is buried in Prague’s «VySehrad» monumental cemetery,
which is reserved for the Czech Republic’s most prominent citizens.

Figure 1. Jan Ev. Purkyné. Drawing by Jan Vilimek (Vilimek, 1887).
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Purkyné’s main innovations in biology and medicine.

Summarizing Purkyné’s many discoveries is not easy, due to his wide range of
interests and, according to one of his pupils, his habit of «passing from one discovery
to the next, leaving the task of working out details to others» (Eiselt, 1859; Cavero,
Guillon, & Holzgrefe, 2017). Vision was among his earliest and most constant
interests, as shown by his graduation dissertation. According to Purkyné, diverse ocular
properties and structures could be investigated psychologically and physiologically,
the latter by means of careful analysis of microscopy findings (Anonymous, 1870). In
1820 he published a paper on vertigo (Purkinje, 1820) and one year later, a wide-
ranging work on the psychology of dreams (Cavero, Guillon, & Holzgrefe, 2017). After
moving to Breslau his inaugural lecture on the structure of the retina appeared in print
in 1823 (Purkinje, 1823) and was followed by an innovative contribution to advancing
knowledge of subjective vision in 1825 (Purkinje, 1825) as well as an original
contribution to music acoustics (Cavero, Guillon, & Holzgrefe, 2017). Afterwards
(1825-1833) he focused his attention on animal embryology and plant histology,
identifying the germinal vesicle in a paper on embryology in bird’s eggs (Purkinje,
1830a). His work on plant pollens (Purkinje, 1830b) won him the Montyon prize medal
from the Institute of France (Anonymous, 1870). In 1836 Purkyn¢ and G. G. Valentin,
his assistant who would later become professor of physiology in Berne University,
published a major paper on mammal, bird and amphibian genital and respiratory
ciliated epithelia, correctly claiming they served to defend the organism from foreign
substances (Purkynje & Valentin, 1836). This was followed, two years later in 1838 by
a report that was co-authored with S. Pappenheim exploring in vitro tissue digestion
by gastric juices (Purkinje & Pappenheim, 1838). In the meantime from 1824 until
1845, he had started publishing on a wide range of research topics in his pupils’
dissertations, thus bestowing honours on them. These included: theory of vertigo after
brain trauma, human skin histology, identification of sweat glands and their ducts, bone
histology, embryology and tooth histology, cartilage histology, blood vessel histology,
female genital embryology, heart muscle histology, uterus histology, granular nerve
formation defining protoplasma, the nerve complex in spinal cord pia mater and
cerebrospinal fluid histology. When Purkyné’s wide range of publications were all
collected in his 12 volumes of Opera Omnia (Purkinje, 1919-1985) so many great
innovations emerged that contemporary scientists conferred his name on them. Hence
in embryology there is Purkyné’s Vesicle which is the germinal vesicle in the egg
(Purkinje, 1830a). In ophthalmology one has the Purkyné Effect (how colour
perception varies with environmental light), Purkyné’s Images (projection of a light
angled at 30°/50° generates four reflected images of different eye areas) and Purkyné’s
Tree (self visualization of retinal blood vessels under certain light conditions)
(Wade & Brozek, 2001). In cardiology there are Purkynée’s Fibres in the heart
conduction system (Schweitzer, 1991; Davies & Hollman, 1996). In neurophysiology
Purkyne’s cells are found in the cerebellum (Haas, 1994). Purkyné’s compressorium
was used in histological techniques (Purkinje, 1834). However, many of his other
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discoveries or major contributions such as new techniques for including and fixing cells
in for histological analysis or the development of the first microtome were not named
after him.

Purkyné and dentistry.

Purkyné’s major contributions to dentistry, which focused on embryology and
dental histology, endodontics and periodontology (Cox et al., 2017; Foster, 2017), are
traced to two dissertations in Latin which were discussed at Breslau University in 1835.
The first, by Meyer Fraenkel, was entitled «De penitiori dentium humanorum structura
observations» (Fraenkel, 1835), while the second, by Isaac Raschkow, was
«Meletemata circa mammalium dentium evolutionem» (Raschkow, 1835). Here’s a
brief summary of each, with major innovative findings highlighted in italics.

M. Fraenkel’s dissertation «Observations on the structure of human teethy,
consisted of 20 pages (plus 2 pages of explanations and 8 figures) containing 26
sections, and was histology based.

After a general presentation, he stated he would illustrate what was known and
then his research (§1). He then described tooth anatomy, crown, the cemento-enamel
junction and root/s (§2), the diverse functions of different teeth (incisors, canines etc)
(§3), the differences between primary and permanent teeth (§4), dental pulp (§5), tooth
sockets and gums (§6). He moved on to discuss dental substances in general (enamel —
substantia adamantina and dentine- substantia dentalis propria), proving in 7 very clear
steps that teeth could not be classified as bone (§7) and were not horns (§8). He then
introduced the concept of substantia ostoidea which, as it covered the roots, can be
identified as dental cement (§9). He refuted Hunter’s statement that caries attacked the
root more slowly than other tooth parts (§10). He described the general modality for
the chemical preparation of teeth for dissection. Although he emphasized that after the
mineral tooth surface had been dissolved in acid, «a very fine membrane-type
substance» was observed at microscopy, he did not list its features. This might today
be identified as an acquired pellicle. He also highlighted the importance of using the
P16ss] microscope (§11) and presented the materials and methods for observing dentine
under the microscope (§12).

Sections 13-19 focused on dentine: its sinuous, tubular structure and the presence
of a thin membrane (odontoblasts layer?) at the pulp border (§13); the tubule pattern
in individual teeth (§14); longitudinal and cross sections of the tubule cavities (§15).
Then he commented and expounded on Schreger lines in dentine (which are also found
in animal tusks) (§16-17) and the reddish colour of dentine that Hunter had observed
in animal teeth (§18). He reported the Hunter, Blake, Heusinger, Weber and Van
Kaathoven descriptions of dentine (§19).

Sections 20-26 were dedicated to tooth enamel. Many scientists had described
enamel as fibrous in nature. The Hunter, Blake and Schreger definitions of enamel were
cited and Hunter’s observation of fine striae on the enamel was confirmed. He insisted
the fibres were mineralized (§20) and stated that a clear view of the enamel structure
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could only be obtained by observing different sections on five planes following the
fibre/prism patterns, which were illustrated in fine images. The planes included the
longitudinal (which led him to define the Hunter-Schreger lines as an optical illusion);
oblique (§21-22); parallel to the surface (§23); parallel to the surface but closer to the
dentine (§24) and the crown cross-section (§25). Finally, he summarized findings of
his research into fibre/prism patterns and concluded by saying only excellent
mathematicians could explain the reason for such complexity (§26). The reference list
contained 48 citations.

Isaac Raschkow’s dissertation, entitled «Essays on mammal tooth evolutiony,
consisted of 20 pages (plus 2 pages of legends to the figures and 1 page of figures). Set
out in 62 sections, it focused on embryology. Raschkow reported his own findings in
the first part of his dissertation (§1-35) and compared them with previous publications
in the second (§36-62).

After a general introduction, he stated that he would first present his own
observations and then compare them with previous reports (§1); He described the
dissection methods to obtain dental follicles in diverse animal species (§2-3) the dental
follicle in general (§4-5); follicle contents and the tooth germ, in which he identified a
globular nucleus. This he designated the «adamantine organ» from which the enamel
would evolve (§6-8). He described the evolution of the enamel organ (§9) showing
that it contained a stellate reticulum which he denominated enamel pulp (§10). Careful
observation of the internal surface of the adamantine membrane (§11) showed it was
composed of «hexagonal cells» (ameloblasts?) (§12). He claimed he had found small
differences in the adamantine membrane in ruminants, swine and rodents (§13).

He continued with an in-depth description of the tooth germ (§14), stating it was
connected to the nerve from its beginning and hypothesizing it might originate from it
(§15-16). In describing the dental pulp he identified the sub-odontoblastic nervous
plexus which accounted for extreme tooth sensitivity (§17). He reported he had
observed «massae lapidosae» (pulp stones?) in the dental pulp of hares, swine and deer
(§18). He identified a basal membrane around the pulp which he named the
«maembrana praeformativa» (§ 19). He described equal-sized globular grains (cells)
as constituting the parenchyma that would form the dentine (§20), noting they were
positioned in much greater order near the preformative membrane («odontoblastic
layer»?) (§21). He observed the dental germ was more evolved when the substantia
dentalis (dentine) started to form, beginning at the coronal apex and passing through
the tooth body to the roots. Very early stage dentine was soft and easily detached (pre-
dentine?). Growth direction proceeded from the outside in, reducing pulp space (§22-
24). At the end of tooth growth he observed root canals and apical foramen which serve
for blood vessel and nerve entrance into the tooth. Since they may be single or multiple
doubts were raised as to whether the osteoid layer covering the roots (denominated
cement in equidae and ruminants) was generated from the pulp (§25). He then
described enamel formation which he claimed was an organic process and not simply
crystal precipitation, as had hitherto been believed (§26). He stated that enamel was
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deposited in cross-section layers and reported he had observed the adamantine
membrane secrete an organic sap which, probably by means of organic chemistry
processes, combined with the inorganic substance to form enamel (§27). In accounting
for prisms curvature he hypothesized that the adamantine membrane, which was
present before prism development, must have been curved. He differentiated between
teeth with a limited enamel growth (crown) and those with unlimited growth, such as
found in rodents. He admitted further in-depth studies were needed as he had observed
enamel layout varied with the type of teeth and animal species. After identifying two
principal directions of tooth movement as they met for chewing he observed that since
movement was perpendicular in carnivores, frugivore animals and insect-eaters and
horizontal in ruminants, rodents and some pachyderms, enamel quantity was greatest
in the occlusal zone in the former species and in the parietal area in the latter. This
finding was valid for molars but less so for canines and incisors whose function was
always the same in all species. Further studies would show if these differences were to
be found in the enamel organ (§28). He noted that dentine and enamel formed in
opposing directions. Dentine formed from the outside in i.e. from the periphery
towards the centre while enamel formed from the inside out i.e. from the centre
towards the periphery. Dentine formation was more organic while enamel formation
was more mineralized. He refuted the argument that enamel formation was pure
crystallization as that would prevent prisms curvature served an organic function (§29).
He then addresses the issue of cement formation (§30), hypothesizing that once
the enamel had been formed, the enamel pulp changed its functions. In order to become
the cement forming organ, it transformed into periosteu since the structures of bone
and cement were similar (§31). He then discussed the alveolus membrane (the
periodontium), comparing it with cement stating it was like lung parenchyma, defining
it as elastic and flexible and hypothesizing that it served to provide the tooth with
greater mobility (§32). He moved on to gum evolution (§33), stating immediately that
gum was not cartilage as many believed. Histological findings showed it was composed
of an epithelial layer which was covered by «polyedricis squamulis» (keratinocytes?)
and by a mucous membrane. Underneath was a hard parenchyma with fibrous filaments
and blood vessels (lamina propria?). He had observed the already identified Serres
glands or pearls (§34). The epithelium was denser in the early stages of evolution and
could easily be detached from the mucous membrane. Within the epithelium he
observed there were globular cells which, when ruptured, were shown to contain lymph
fluid which he speculated could become polyhedric squamules (§35).
In sections 36 to 61 he compared his findings with other reports, particularly by
Cuvier, Dietrichs, Burdach, Blake, Hunter, Herissant and Arnold.

Conclusions.

After reviewing the main contributions these two dissertations made to dentistry,
Purkyné’s personal share in both remains to be established. His two pupils went on to
have respectable careers in medicine but never published anything more (Gritzer,
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1889). Both acknowledged their debt to Purkyné¢. Raschkow wrote in the Preface to his
dissertation: (...) I would have given up if the illustrious professor Purkinje, such a
supremely eminent man, had not guided and assisted me as my teacher with his
heartfelt generosity and the power of his intellect. He showed me unknown regions
under the microscope and although | was often doubtful and uncertain in these
unexplored fields, he never ceased from helping me with facts and advice. He himself,
in a generous gesture, drew the figures that illustrated my observations, which | then
decided to engrave as prints (...). In his Preface Fraenkel wrote: «I don’t deny I was
terrified at the difficulties my task presented and | was afraid of being accused of being
too audacious. The illustrious Prof. Purkinye encouraged me and promised to help me.
He’s a man who knows a lot, is highly intelligent and extremely precise in his research.
He is admired for his kindness, generosity and humanity towards all, particularly his
pupils. He helped me even more than he had promised. He not only got me everything
| needed for this dissertation but also stopped me from making mistakes which is easy
to do when making this type of observations, as he generously intervened in some of
them» (...).

Above all, Purkinye’s contemporaries had no doubt he had generated the ideas
expressed in the two dissertations. Alexander Nasmyth wrote in 1839: «Researches on
the structure of the teeth by Purkinje have lately been given to the world in a
dissertation by one of his pupils (Fraenkel, 1835; Nasmyth, 1839). Sir Richard Owen
wrote in 1840: «The results of the laborious investigations of this most original and
indefatigable observer (Purkinje) were published, as is the custom in many German
Universities, in two inaugural thesises, the one by Fraenkel (...); the other by
Raschkow (...); both of which were defended in the University of Breslau in the month
of October, 1835y (Owen, 1840). Sir James Paget wrote in 1842: «In no organs have
the results of recent microscopic researches been so unexpected or so brilliant as in
these. They have revealed structure before unknown in each of the three component
parts of the tooth» and «the chief discoveries were made coincidently by Purkyné, of
Breslau, and Retzius of Stockholmy ?. The former published his observation in 1835
in the dissertation of Fraenkel (...) and of Raschkow (...) (Paget, 1842).
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OCHOBHOMY NO8'si3ane 3 GIOKpUMMAMU 8 2ICMOJI02I ma cneyianizo8anux o6aacmsx
MeOuYuHy, makux sK emOpionocisa, 2IiCMON0ciuHi Memoou, opmanbMono2is,
Kapoionozisa ma Heupoghizionozis. Ll kopomxa cmamms npeocmasnic HegeIudKull
36iM NPo U020 HCUMMsL, 32a0Y€ U020 O0CACHEHHS 8 DI0N021i ma MeOUYUHi, a MaKoH#C y
noaimuyi ma aimepamypi ceoci kpainu (8in 6ys oopanuti 0o Ceiimy boeemii, ane

290


http://www.hst-journal.com/
https://doi.org/10.1002/clc.4960140119

http://www.hst-journal.com Icmopis nayku i mexHiku, 2020, mom 10, sunyck 2
History of science and technology, 2020, vol. 10, issue 2

MaKodC GiH CKAA0A8 GIpWI Ma 8aANCIUGL Nepekiaou 3 Himeyvkoi, gpanyyzvrkoi ma
imaniticbkoi MOBU HA 4ecbKy), i 0emanbHO BUBYAE U020 GHECOK Y CHOMAMOJIOZIHO.
Mamepianu ma memoou: ocHo8HUU 6HecOK IIypkune 6 cmomamonoziio, AKuu
30Cepe0dcy8ascs Ha emMopiono2ii ma cmomMamono2iuHii 2icmonocii, eH000oHmii ma
napoOOHmMONI02li, NPOCMENCYEMBCSL ) 080X OUCEPMAYISAX JAMUHCHLKOI MOBOI0, SIKI
saxuwanu oo yuti (Metiep @paenxenv ma Icaax Pawxos) ¢ Ynieepcumemi bpecnay
6 1835 poyi: mu npedcmasisaemo KOPOMKUL 0271510 KONHCHOL 3 HUX 3 BUCBIMJICHHHAM
OCHOBHUX IHHOBAYIUIHUX BUCHOBKIE. Pezynbmamu: 06i oucepmayii micmsame HeaOUsKi,
ane Hascanv 3a0ymi euwecku y cmomamoinocito. Ceped yux GHECKi@ MU MOICEMO
8KA3amMu HACMYnHi 00Cai0JceHHs . 3yorno2o yemenmy (substantia ostoidea), ymeopenns
3Y0HO20 HALOMY, Xapakmepy onmudnux ino3iu cmye I ynmepa—Illpezepa, “emanegoi
nynvhu’’, 3 SAKOI emanb po3sueamumMemsvcs, cyb000HMOOIACMUYHO20 HEPBOBO2O
CHJIemiHHS, 5Ke € NPUYUHOI0 4ymauocmi 3y0i6, NpedeHMuUHy, OpeaHiyHoi npupoou
npoyecy ymeopeHus emaii, OeHmuHy i YMeopeHHsl eMali 8 NPOMUNIEHCHUX HANPAMKAX,
HASABHOCMI MEMOPAHU Alb8eoNU (Hanpuxiao, nepioooum). Bucnoexu:. nicis pozensoy
OCHOBHUX HOB0BBeOeHb, AKI Yi 08I Ooucepmayii 6HeCIU 8 CMOMAMON02I0, PIBeHb
ocooucmoi yuacmi Ilypxune 6 060x cmae ouesuonum. O6u08a 1020 BUXOBAHYIT BUHAU
csitl bope neped Ilypkune, a makodc 6idomi cyyacHi euemi, maki ax Onexcanop
Hacmim, Cep Piuapo Oyen, Cep [iceiimc [ledsxcem, sxi He cymHiganucs, wo 6in 6y8
asmopm ioetl, BUCTOBIEHUX 8 YUX 080X MANEHbKUX MPAKIMAMAX.

Knwuosi cnosa: icmopis cmomamonocii; Pawkos;, cybodonmobiacmuume
cnjlemenHts; 3you

Credano Ipamo
Yuusepcurer [lepymxu, Utanus

J:xkankapao bappako
Yuusepcurer [lepyxu, Uranus

IHaoso 3ammerTH
Yuusepcurer [1aBuu, Utanus

3a0bIThIid BRIag S, E. [lypkuHe B cTOMATOJIOTHIO

Annomanyusn. Ilenv: umsa Ana Eeancenucma Ilypkune (Ha Hemeykom s3vike
Ilyprunve), komopwiii poouncs 6 bocemuu 6 1787 200y u ymep 6 I[Ipaze ¢ 1869 200y, 6
OCHOBHOM CBA3AHO C OMKPLIMUAMU 8 SUCTNOJIO2UU U CREeYUATUSUPOBAHHBIX 001ACTAX
MeOUYUHbL, MAKUX KAK IMOPUONO2US, 2UCTNON02UYECKUE MemOoobl, 0(hmanbMoo2usl ,
Kapouonoeus u Heupogusuonocus. Oma KOPOMKAsL CMamvsi Npeocmasisiem
HeDONbWOL omuem 0 e20 JHCU3HU, BCNOMUHAem e20 O0CMUdiCeHuss 8 Ouono2uu u
Meduyute, a makKdce 8 NOIUMuUKe U Jumepamype ceoeii cmpamvl (OH Ovll U3OpPAH 8
Cetim boeemuu, Ho makoice OH COUUHAL CIMUXU U BBINOJIHUIL BANCHbIE NEPeBoObl C
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HeMeyKo2o, Ppanyy3cKoco u UmaibsSIHCKO20 A3bIKA HA YeulCKUlL), U 0emaibHO uzyyaem
€20 6K1a0 6 cmomamonoauto. Mamepuanvl u memoowvt: ocHogHot 6xnaod Ilyprxune 6
CMOMAmMOJI02UI0, KOMOPbILL COCPEOOMOUEH HA IMOPUOTIOSUU U CIMOMAMOI0SUYECKOLL
2UCMONIO2UU, DHOOOOHMUU U  NAPOOOHMOI02UU, NPOCAEHCUBAEMCS 6  08YX
ouccepmayusx Ha JIAMUHCKOM S53blKe, KOmMopble 3awuwant e2o ydeHuku (Meiiep
@paenkenv u Hcaax Pawxos) 6 Yuusepcumeme bpeciay 6 1835 200y: mwi
npeocmaeisieM KOpOmKUll 0030p KaAMC0020 U3 HUX C HPpUBEOEHUeM OCHOBHbLIX
UHHOBAYUOHHBIX  6b160006.  Pesynbmamoul:  0e  Ouccepmayuu  cooepaicam
3HaUUmMesnbHbvle, HO K CONCANEeHUIO 3a0bimble omkpuimus 8 cmomamonocuu. Cpeou Hux
Mbl MOJCEM YKa3amo ciaedyiouue ucciedosanus: 3yonoco yemenma (substantia
ostoidea), obpaszosanue 3y6H020 Hanema, xapakmepa ONMUYECKUX ULTIO3UL NOJOC
I'yumepa—Illpecepa, '"smanesou nynvnel", ¢ Komopou aImarb pazeusaemcs,
CcyO00OHMOONACMUYUHO20 HEPBHO20 CHJIeMEHUs, KOMOopoe SAGIAemcs NPUYUHOU
yyecmeumenbHocmu  3y008, NpeOeHMUHd, OpPeaHUYecKou npupoovl npoyecca
obpazoeanuss >Manu, OeHMUHA U O00pPA308aAHUS IMATU 6 NPOMUBONOIONCHBIX
HANpAaeleHUusx, HAIudus MemMopanvl aibeeonvl (Hanpumep, nepuodoum). Bwvieoowt:
nocie paccMompeHus OCHOBHbIX HOB8066€0eHUll, KOmopbvle dmu 08e ouccepmayuu
BHECIU 8 CMOMAMOJIO2UIO, YPOBEHb TUYHO20 yuacmus [Iypkune 6 oboux cmanosumcs
oueguonvim. Qba e2o 80CNUMAHHUKA NPUSHATU C80U o2 neped Ilypkune, a maxoice
uzBecmmble cogpementble yuenvle, maxue kaxk Anexcanop Hecmum, cop Puuapo Oysm,
cap [ocetime [12001cem, e comHesanucyb, 4mo oH OblLL A8MOPM UOell, BbICKA3AHHbIX 8
08X MANEeHbKUX MpaKmamax.

Knrwouesvie cnosea: ucmopust CMOMAMmMOoN02uU, Pawxos;
cybooonmobaacmuueckoe cniemenue; 3y0vl
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